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PREFACE

This book consists of a collection of papers and research

reports which were originally prepared by the author aspbackground

information for the 24-man Advisory Committee of a national study

of engineering technology_ education in the United States. This

"Engineering Technology Education Study" was being conductedby

the American Society for Engineering Education with support from

the National Science Foundation. The project was directed by

Dr. L. E. Grinter of the university of Florida; the author was

assigned full-time as an assigtant,to the project, and was respon-

sible mainly for investigations related to associate degree engi-

neering technology curricula.

The original papers reached only a few readers. The documents

were distributed only to the Advisory Committee and to a limited

number of individuals who had participated in various ways in

ASEE's Engineering Technology Education Study. These readers

however, suggested that some of the dnformation might be of

wider interest, and urged that ways be sought to publish this

material. Certain of the papers were subsequently condensed

and published; they have appeared, for example, in Engineering

Education. Not all, however, can be so treated, for neither

space nor priority exists for the publication of some of the

Material. Therefore, this collection has been prepared with the

anticipation that it may have some reference and interest value

. to the ,community of educators concerned with engineering technology

programs.

2

Jesse J. Defore
June 10, 1971
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CHAkER 1

THE AMERICAN ENTERPRISE IN;

ENGINEERING TECHNOLOGY

IDUC ION

This paperl describes briefly the historical and contemporary

.1),ettings of engineering technology education. It 'contains a brief

hletory of.the development of technological edUcation in the United

States, s review of some related developments in'American higher

education, a description of some of the social forces which appear

to be'influencin, current developments in engineeringtechnology

education, and a tentative identificati?r of eurAnt problems which

relate to this sector of the educational enterprise.

The Beginning of Technological'Education

in. the United States

Compared to liber higher education, the roots of which lithe

United States reach ba to the founding of Harvard in 16.36,2 tech-
.

nological education has a telatively brief histroy in this country.

While almost all of t1e colonial colleges were by 1750 teaching

mathematics and science, frequently incltding technical subjects

'such as surveying and navigation under the heading of mathematics,3

it was not unti11-802, with the founding of the Military Academy at

West Point that appreciable attention was given to technologicaa

education; and it was not until 1824 that the first institution ex-

elusively devoted to technological education, Rensselaer Polytechnic

Institute, was founded.4

9

. The world beginnings of modern technological education are only

slightly more remote than those in America. The earliest date usuall/

cited for such a "beginning" is 1766, the year of the'founding at

Freiburg, Germany, of a technical mining school. Some historians

set the date even later:, they mark a beginning tither in 1775, when

1Portions of this paper appeared previously in another 1444...k
by the same author, and have been adapted without substantial
changes: See Jesse J. Defore, "Baccalaureate Programs in Engineering
Technology: A Study of Their Emergence and Some Characteristics of
Their Content," (Unpublished Ph.D. dissertation, Florida State Univ-
ersity, 1966), pp.65-80.

2John S. Brubacher and Willis4Cudy, Higher Education ih
Transition. (New York: Harper and Row, 1958), p.iii.

3lbid. , p.19.

4/bid.;-p.61.

4.0

(

1,



-4-

the French Ecole des Ponts et Chausees.opened, or in 1794, when the

great Ecole Polyteehnique was established.'

/--
(

0

The Development of Engineering Sghools

After its tardy introduction to the higher educatibn enterprise

in this country, technological edutation 4ventuallyflourished. By

the middle of the nineteenth century, a number oil coll4ges had orga-

nized schools of engineering on their campuses: Norwich University

'founded a Department of Civil Engine ng in 1819; Union College

founded a similar department in 1845; arvard established the.

Lawrence Scientific School1in 1847; Yale, in 1847, began a department

which later evolved into the 'Sheffield Scientific School; in 1Q52,
L,

Dartmouth and Brown founded similar ,,entbls; and in 1855, the Univ-

ersity of Pennsylvania established a Department of Mines, Arts, arid'

Manufacturers. The Mas.sachusetts Institute of Technology, perhaps

the most renowned of all the instieutions of its type, was estab-

lished in 1865.2 The Morrill Act of 1862 greatly stimulated the

founding of such institutions. By the turn of thetkentury, some 42

engineering colleges had been established, a majority of which were

rece±vingfederal support provided br the Morrill legislation.3 The

second Morrill Act of 1890 provided additional impet. The growth

in number,of such insti ons,has been greatly accelerat4 in this

century. In 1969, for ex ple, a total of 274 engineering school's

were identified.4

The Early evelopment of

Technical Institutes

During the same period that the Military Academy, Rensselaer,

,MIT, and other collegiate institutions were beirig founded to provide

what at that time constituted advanced technological education which

culminated after fOur years of study in the award of a baccalaureate

degree, a second, distinctly different kind of educational institution

was emerging also. This was the "mechanics institute." Schools of

'Thomas T. Read, "The Beginnings of Engineering Education,"
Journal of'Engineering Education, Vol. 30 (December, 1939), pp.348-53.

2Brubacher and Rudy, op.cit., p.62

3Read, loc.cit., p.351

4%John D. Alden"Engineering and Technician Enrollments,
Fall 1969," Engineering Education, September-October, 1970, pp.31-47.
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this type were founded mainly in/eas$ern and mid-western industrial

centers, and made their firt appearance during the 1820's. Al-

thoUth their p'urposes were greatly dissimilar, from those of the

schools which today offer programs in engineering technology, these

early institutions may be regarded as tffe precursors of technical

institutes. These schools offered courses in mathematics, hook-

k'eep4ng, surveying, navigation, and other vocational subjects; they

sought t "promotion -of the useful arts;" they trained artisans and

dtaftsmen.4 They:attempted 'to provide training to meet the manpower

needs of an expanding industrial economy for draftiMen,*supervisors,

designers, production workers, and other technical personnel which

neither the, secondary schools nor the engineering colleges were

meeting directly at that time.1 The first of these was the Gardiner

Lyceum, in Gardiner, Maine, established in 1822.2 This school, how-

ever, ceased to operate after ten yedl's. Most of the early insti-

tutes suffered a similar fate. Only one, the Ohio Mechanics Insti-

tute, established in 1828 in Cincinnati, is st.11 in existence;3 it

operates now under the name of the Ohio College of Applied Science

as .g,part of the University of Cincinnati.4 The spread of free

public education is cited as a cause for the rapid waning of interest

in these schools.5 Later in the century, a revival of interest in

such institutions occurred, due largely to spreading industrialization.

Spring Garden Institute, now named Spring Garden CDilege, was founded

in 1851 in Philadelphia, and serves as an example of the many such

schools formed as a result of the industrial needs of the mid- 1800's.

Pratt Institute in Brooklyn, New York, was established in 1877 as

an institution of this type, but it gradually changed into a tradi-

tional engineering schoo1.6 The Rochester Institute of Technology,

formerly, the Rochester Athenaeum and Mechanics Institutei has a

similar history.? According to Grlaney, there were "dozes of such

0

1
Leo F. Smith and Laurence Lipsett, The Technical Institute

(New York: -McGraw-Hill Book Co., Inc., 1956), pp.18-20.

2William E. Wickenderi and Robert H. Spalav-v. A Study of
Tech ical Institutes (Lancaster, Pennsylvania: Society for the\N
Promo ion of Engineering Education, 1931), p.4.

3
Smith and Lipsett, op.cit., p.20.

40hio.College of Applied Science, Bulletin, 1965-66.

5Smith and Lipsett, op.cit., p.19.

6 bid., p.22)

Ibid p.23.
1 :-
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institutions started ring the late nineteenth and early_tnentieth
.....4;.1

centuries."1 These "f ourished for a period of tim and then dies11,-

appeared from the scene."2 Other than the Ohio College of Applied

Science andSpring Garden College, only a few, notably the Milwaukee

hool.of Eng,j.neering (fouRded 1903), the Franklin Institute of

Boston (`1908), and Wentworth Institute (1911), still survive. Graney
. r4

. .

characterized,hese institutions:

They geared their instruction to the maturing technology
of ;he.time, laying emphasis upon application with intensive

instruction during short periods of less than four years. If

they tended to prepare artisans, at/least to some degree, it .

was`becayse such artisans as they prepared were qualified,
themselVes:. to,bridge the gap between practice and theory.3

Development of Community Junior Colleges

Community jurliCir colleges, especially in recent years, have

made important contributions to t4e domain of technological educat

Junior colleges first appeared as identifiable institutions

during the mid-1800's. Bogue, for example, reported that "...

Lasell Junior.Coliege, Auburndale, Massachusetts, offered two years

of standard collegiate instruction, as early as 1852." A dozen,

or so similar institutions, both private and public, were established

during the last half of the nineteenth century; few af these, how

ever, have Survived.5 The stated objectives of the early institutions

was to provide lower division university studies for transfer or

general edUcation purposes. After the turn of the century, the

junior collegt movement prospered and the number of junior colleges

increased until in 1921 there were 207 such institutions, 70 public

and 137 private.6 It was in the 1920's that the concept of occupa-

tional educan.on as an integral part of the junior college curriculum

1Maurice Graney, The Technical Institute (New York: Center
far Applied Research and Education, 1965), p.9.

2Ibid.

3/bid.

Jesse Parker Yogue (ed.), American Junior Colleges. Fourth

Edition, 1956, (Washington American Council on Education, 1956), p.2

5
The oldest public junior college still in existence is at

Joliet, Illinois, and as founded in 1901.

6James W. Thorton, Jr. The Community Junior College (New
York: John Wiley and Sons, Inc., 1960), p.50.

1 G.
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received substantial acceptance, although this Concept of institu-
''

fional 'role had
N-

been enunciated earlier by some of the leader* of

the junior college movement.1 The number of "terminal courses,"-as

they were titled, grew from 100.1n '1921 to 400 in 1925, 1600 in

1930, and more than 4000. in 190.2 The wider' role af. the junior

, college as a community institution, relating directly to the total

educatiqnal needs of 'the local area, becaMe fixed during the decade
.

of the 4g2s.
2 the 1948 Report of the President's Commission on Higher

Education, Higher Education in American Democracy, described these

institutions formally, in language which emphasized thJir community-
-

centered nature.3.

The evolution and-maturation of the community college philos-

ophy, acceptance of these institutions by the public, federal and

state interest in this kind of eduoatibn, and the burgeoning enroll-

ments in higher education are all factors which have contributed to

the growth of community junior colleges. The data in Table 1 indi-

cate the trends!'

.In the past ten years, the growth rate has been particularly

spectacular. About fifty new colleges have opened each year, and '

. these new colleges have uniformly 'shown substantial enrollment in-

creases during their second year of operation,

TABLE 1.--Number of CommullityJunioT Colleges and Total Enrollments
for Selectee? Yedxs, 1900 - 1970.

School

Year
Total Number

of Colleges
Total

,Enrollment

1900 - 190:1 8 100
1921 - 1922 207 ' 16,031
1938 - 1939 527 196,710
1952 -1953 594 560,731,
1958 - 1959 677 905,062
1967

1969

- 1968
- 1970

993

1,03b

1,954,116
I .

2,1861272

1See, for example, Alexis F. Lange, "The Junior Collegeas
an Integral Part of the Public School System," School Reviez-,
September, 1917 pp.465-79.

2Merton E. Hill, "History of Terminal Courses in California,
Junior College Journal, February, 1942, pp. 311-13.

3
President's Commission on Higher Education. Higher Education

for Ameri-can Democracy. A Report. (New York: Harper and Brothers,
1948), Vol. I, Ch. 4; Vol. III, 'Ch. 2.
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Nearly 90 percent of all American community junior colleges

offer occupational education programs. Such programs vary widely

in objective, level, nature of clientele served, and other charac-

teristics. All community college occupational programs, however,

ar7 intended to prepare students for immediate gainful employment'

upon graduation. Engineering technology curricula are often in-

cluded in community college offerings. In 196.8, fpr example, the

American iksociation of Junior Colleges reported that,approximateI,

300 institutions offered" organized curricula in engineering tech-'

nology or a closely related field. Such engineering technology

gprograms lead to the award of associate degrees.

Community colleges also may offer occupational programs which

are post secondary and have a vocational emphasis, but which lead

to,the award of certificates rather than degrees. Often, both
- .

issociate.degree' programs and certificate programs may be offered

at the same institution. It is estimated that approximately 210,000

students were enrolled in associate degree curricula in 1968; at

least twice that number were enrolled in non-degree programs.'

The Emergence of Baccansureate

Technology Programs

Very recently, a new stream of technological education has

emerged, namely, the four-year progrAM in engineering technology.

While two-year technology programs have a history extending over

half a century, being associated with both technical institutes and

community colleges, the concept of a focr-year curriculum is a

contempory development. An early allusiOn to the idea came in

1957, when
,

U. C. Elgilf, of Princeton wrote in The Engineer:

We shbuld expand the numbers of people trained at the
technician level. This can be done through the development
of the technical institute, by increasing the number of such
two-year--or even four-year--technical institutions, and
by,s4tressing the recognition by industry as engineer-technicians
and engineering aides, of those so trained.2

In June 1965, Harold A. Foecke, then Specialist fogineering

Education, United States Office of Education, stated that more than

sixty colleges were offering four-year technology curricula.3 A 1966

'Extrapolated from data by the U.S. Department of Hedlth, /

Education, and Welfare, Office,of Education, Digest of Educational
Sta&stics, 1988 (Yashington: U:S. Government Printing Offi-ce, 1968).

2J. C. Elgin, "The Dean's Page,"-The Engineer, December, 1957.

3Harold A. Foecke, "Engineering and Technology," address

before members of the Technical Institute Division, American Society
fc5r Engineering Education, June, 1965, (Unpublished.)

13
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studyl identified 73 institutions which purported 'to offer bacca-

laureate engineering technology'programs or programs in "an indus-

trial technology closely allied to the engineering field."

A number of foYces appear to have encouraged the inauguration

of baccalaureate technolOgy curricula.2 Asprofessional engineer-
.

ing education tends to vacate.the undergraduate level in favor of

graate level programs, :the existing two-year programs in engi-

neerir(neerid; technology are tending to be "stretched from above" to fill

the educational vacuum created. Furthermore, the two-year tech -
\

nology programs'at technical institutes are "bulging from within"

as more and more subject matter is added to the curriculum. And

at the'same time, many comnlinityrcolleges and area vocationalit

schools are conducting certificate level programs which sometimes

compete with engineering technolOgy programs of associate degree

level, and Arce are "nudging from below." industry has often urged

establisnment of baccalaureate technology programs; such encouragement

has pr6vided an appreciable impetus for inauguration of such fo,lp-

year curricula. Grant enn has written of an "ppward push" due to

tcomplexity of industria enterprise as follows:

Now, technology /Ws advanced many occupations on the
technical, skilled, and semi-professional levels to a point
where they require higher levets of specialization and related
knowledge that are best learned within educational frameworks.
Manifestations of this upward push are to be found, for
example, in engineering, where the two-year engineering tech-.-

nology curricula ol today compare in digor and breadth with
ttle four-year engineering curricula of twenty-five years ago.
As engineering continues to become more complex and special-
ization is delayel, graduate study will become a must for the
engineer, and, by the same token it is pribbable that within
the present decade the bachelor's degree will become a must
for many technical occupations.'3

There are also parental, peer group, and societal:pressures for

individuals to obtain baccalaureate degrees as a ratter of persona

or family prestige.4

Parallel to the "stretch," "tufge," "nudge" and "push" which
t

have been perceived ap tending to encourage a vertical extension

of two-year engineering technology programs, there are significant

1Defore, cop.cit.

2Ibid., pP.76-460

3

c;rant Venn, Man, Education and Work (Washington: 4merican
Council on Education, 1964), p.17.

4
Graney, op.cit., pp.103-109.
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developments in other areas of higher education. Colleges, schools,

and departments of industrial education and industrial is have

devised curlficula which are intended td provide studen s with routes

to industrial employment .rather than to teaching. Such programs

are usually called "industrial technology" in the lexicon of the

institutions which offer them.

The first of such 'Industrial Technology programs was reported

in 1923 at Bradley University; a second was reported in 1932.and a

third in 1944. BY 19609, 33 programs were established; three years

'later, one researcher reported 53 such programs.1 Currently, 84

are identified,2 and more are projected. A number of 'newly-founded

institutions, in particulari'seem inclined to inaugurate such.pro-

grams,as part of their initial offerings, and many institutions ate

restructuHng their industrial education units to dissociate the '

'Industrial technology program from the teacher education pebgram.3

Educators and employers having interest ii industrial technology

education have formed an organiaation to deal with matters related

to the area. This organization, the National Association fOr Indus-

trial:Technology, was founded in 1968, and is directing professional

attention (including accreditation efforts) toward the unification

and articulation of the more than 90 such programs as now exist.

Current Issues

Enrollment Trends

One of the most crucial of the current issues in engineering

technology education is an apparent- relative decrease in its ability

to attract student enrollment. The 1968 survey of enrollments con-

ducted by the Engineering Manpower` Commission revealed that enroll-

ments in two-year, associateedegree programs at the institutions

having one or more oarricula accredited by ECPD were three percent

1 Nelson A. Hauer, "Statue Study, Industrial Technology, "{

Newsletter from College of Agriculture, School of Vocational
Education, Louisiana State University, Baton Rouge,- Louisiana,.

November, 19-68. (Processed.)

2Gene Stuessy, "The Scope of Industrial Technology
Programs in Terms of Number of Students and Curriculum Options

Available." Report of a Survey, National Association of Industrial
Technology, February 2-0, 1970. '1

e

3See, for example, Industrial Arts/Industrial,Teohnology,
Office of the Chancellor, Di'vision of Academic Planning, The

California State Colleges, February, 1970.20



lower than in 1967.1 Both full-time and.part-time enrollments were

down. These results were particularly disappointing in that 12

more schorrls were listed in 1968 than the year before. In 1969,

'an increase in technology enrollments was, reported, but the data

werldiffidult to interpret.2 Both engineering enrollments and

engineering technology enrollments have-remained relatively static

since 1958. Total higher education enrollments, on the other hand,

have,increased steadily, rising from 3P4 million in 1958 to 8.0

million in 1969:3 The relative position of engineering and engi-

neering technology, thus, has slipped appreciably. -As a result,

the already serious long-term shortages of technological manpower

are projected to become critical.

Criteria for Accreditation MP

Additional issues of some urgency are those related to accred-

itation.4 The criteria now being used by ECPD in the accreditation

of engineering technology curricula at both the two-year and four-
*

,year levels were developed in the early sixties.5 Changes in engi-

neering education, in engineering practice, in engineering tech-

nology education, in manpower utilization practices as related to

technician employment, Alia.in the general nature of the technological

environment all indicate that the criteria now in'use should be

jected critical review. It is espeCially important that appro-

priate criteria for four-year prograrris be developed. A

Delineation, Articulation
and Coordination

A third set of issues of importance in engineering technology

edlcation is related to a clear delineation of the role and scope

*offtKis form of higher education and its articulation with other

'Engineers Joint Council, Engineering Nnpower Commission,
Engineering and Technician Enngllments, Fall 1968. (New York:
The Council, 1969), p.117.

.2Alden, loc.cit., p.32.

3

U.S. Depariaent of Health, Education, and Welfare, Office
'

of Education, Projections of Educational Statistics to 1977-78, 1968
Edition. (Washington: U.SdGovernment Printing Office, 1969); p.12.

4Because of the relevance of accreditation matters to the
engineering technology education study, chapter 5, herein, is de=.
voted to this subject.

SAmerican Society for Engineering Education, Chai,acte.riatica
of Excellence in Engineering Technology Education (Urbana, Illinois:
The Society, 1962).

9
A- 4.
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sectors of the educational enterprise. It is important, for example,

that the differences between engineering technology education and

engineering cducatn be understood. It is equally important that

the differences and commonalities between engineering technology

programs and other technical education programs be made clear. And

it is highly important that articulation and coordination be achieved

among institutions offering these various programs in order that

students be given maximum educational opportunity and that the general

public be protected from the, financial burden of supporting a variety

of institutions with ambiguous or overlapping purposes. At the same

time, the higher education community should feel constrained to

assume the responsibility for phoviding adequate routes of prepare-
.

tion to meet the manpower needs of contemporary, society.

Summary

Technological education in the United States has little more

than a century of heritage. Evolving principally from schools of

applied science, mechanics institutes, and similar prototypes, con-

temptrary technological-education is conducted in various institutional

settings, each hlring a unique history. The education offered is as

diverse as the characteristics of the institutions which offer it,

and the form of the edueation41 process has undergone umerous tran-

sitions throughout the history of the movement; this is especially

true of. engineering technology education.

A number of social forces are'currently at work. The changes

occurring in engineering education, the trends to extend vertically

. two-year engineering technology programs, the proliferation of com-

munity colleges, the emergence of industrial technology programs,

and the changes in the technological environment itself are all

factors which are serving to give new directions for the evolution

of engineering technology education.

Current issues needing resolution include problems related to

enrollment, accreditation, delineation of the role and scope of
-$

engine ering technology education, and articulation within the educe-
.,

tional community.

2 0
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CHAPTER 2

SOME CHARACTERISTICS OF ASSOCIATE DEGREE

CURRICULA IN ENGINEERING

TECHNOLOGY

/ 1.

This paper desc ibes briefly some characteristics of curricula'

in engineering technology which exist in various educational insti-

tutions in the United Statqa and which lead to the award of associate

degrees. It provides a tentative clesification system by which

content areas can be identified, preaenta an analysis'of various cur;

ricula, compares curricula as they exist in different kinds of insti-

tutional settings, and points out some\implic ons of the study

which was made.

Population

Kinda of Inatittions

Institutions which offer educational programs leading usually

to the award of-associate degrees in engineering technology are of

various.types. A seven-fold classification systevis useful. Kinds

of institutions may be identified d( follows:

,l. Single purpose institutions having engineering technology
education as their sole institutional objective; the term
monotechnical institutes will be adopted in this paper to
describe such schools.

2. Institutions with a variety of objectives related to
technical and occupational fields, including programs
related to business, health, and public service as well as
to engineering; the term polytechnical institutes will be
used here to designate these institutions.

3. Community and/or junior colleges which include an

occupational-technical program as well as a liberal arts,
"university parallel," "trans'fer" program; such colleges
will be referred to as comprehensive community colleges.

4. Universities or other senior institutions which include
associate degree programs in engineering technology as part
of their offerings, either on the main,campus or at a branch
campus; these, regardless of the actual naMe of the insti-
tution, will be called universities.

5. Special educational units set up with a company organ-
itation to provide educational experiences for inservice

or preservice employees; the term company schools will be
used in reference to this kind of unit.

6.. Army, navy, air force, or other military service schools

devoted to engineering technology education; such units will
be called service schools.

-15-
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7. Institutions which provide home study materials so that
individuals can complete a program of study by correspondence;
these will be called correspondence schools.

,

A sul?stantial majority of the activity in engineering technology

edlcation occurs in monotechnical institutes, polytecnical insti-

tutes,

411

comprehensive community colleges and universities. While the

importance of company schools, service schools and correspondence

schOgls and the value of their contributions cannot be denied, it is

within institutions of the first four types that engineering tech-#

nology education mainly occurs.

Size of Population

It is extremely difficult to establish an accurate inventory of

the curricula with which this paper is concerned. The literature

and the various published directories give widely differing estimates

of the size of the population. Several factors may account for dis-

crepancies'which have been found:

1. The term "engineering technology" is not uniformly-defined.

2. The term "associate degree," while adequately defined, is
often used in a context such as "...associate degrees or equiv-
alent awards...," a practice which tends to contaminate statis-
tics based on the degree.

3. Changes in the structure of institutions, the founding of
new institutions, and name changes of older institutions result
in both duplications/and omissions from directory lists. /'-

4. Time lags between the collection of data and its publica-
tion create discrepancies.

5. Institutions often report as "curricula offered" all pro-
grams appearing in the published catalog, regardless of whether
the curricula actually have enrollments.

11 6. Multicampus institutions, especially, repcTt data in dif-
fering ways; for example, some institutions report separately
the curricula which are replicated at different campuses or
branches while other institutions report one curriculum only.

Publighed directories arq useful only in making tentative esti-

mates. For'example, .one,recent publication' lists over 5000 cur-

ricula offered by some 830 institutions, b t not all the curricula

listed lead to associate degrees. Another directory2 contains over

'Career Opportunities; Engineering Technicians, .G. Ferguson
Publishing Company, Chicago, Illinois: 1969. (One vol e in the series
Career Opportunities for Technicians and Specialists; Walter M.
Arnold, Series Editor; Walter J. Brooking, Volume Editor.)

2
Technician Education Yearbook, 1969-70, Prakken Publications,

Inc., Ann Arbor, Michigan : 19E9.
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411

1200 institutional names but includes among its listings some

seconsecondary schools as well as higher instittrions. 'Neither referencedary

is
4
entirely reliable and each overestimates the population.

The standard source of directory information for institutions

of higher education, the U.4. Office of Education's Educational

Directory, isof little assistance, for it does not.identify in

sufficienk detail the kinds of curricula offered.'

Two recent publications, however, are useful. In 1969, the

Engineering Manpower Commission cond,pcted a survey of-'degrees awarded

in technology': The report of this survey2 stated that 394 institu

tions had made associate. degree awards during the 1968-69 year.

There is some evidence that this is a low estimate, for a number of

the institutions which had responded toa similar EMC survey in 4

1968 did not report in 1969.3 The EMC data also suffer from con-
-

fusion in reports from multicampus institutions. The National Center

for Educational Statistics of the U.S. Office of Educatidn furnishes

one additional clue to the size of the population. A publication

issued in 1969 and based on the 1967-68 academic_ year suggests that

approximately 450 institutions made "formal awards" to students

completing programs "at the technicia r semiprofessional level."4
lh

The NCES data, again, is believed ,to .und e #timate the population,

since many of the institutions which did r port to EMC,in 1969 had

not reported to NCES in 1968.

The union of the set of institutions reporting to EMC with the

set reporting to NCES is believed to produce a list of acceptable

accuracy. Such a union contains 565 institutions. A similar opera-

tion to estimate the number of curricula offered yields a value of

1595; this figure, however, is probably less valid than the previous

one, since some differences ,exist in curriculum classification

practices by EMC and NCES.

1See; for example, Educational Directory, Higher EducatiorV
149-0070, U.S. Government Printing' Office, Washington: '1970.

2John D. Alden, "Technology Degrees, 1968-69," Engineering
Education,Januar, 1970, pp. 410-415.

3lbid, p.410.

4
National Center for Educational Statistics, Associdte Degrees

and other Formal Awards below the Baccalaureate, 1967-68, U.S.
Government Printing Office, Washington: 1969. See especially T
7, pp43-62.
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Nature orPopUlation

Table 2 contains in summary form some observations about the

characteristics of the approximately, 560 institutions which offer

nearly 1600 different.associaiedegiRee curi,iculain engineering .

technology.

TABLE 2.--General Characteristics of Institutions which offet

Associate Degree Engineering Technology Curricula

Item Comments

Control 86% public, 14% pr*1ate

Type

Emphasis

Accreditation

'Extent of

Offerings

1110,1;,opularity of

, fferingk.

87% are two-year institutions
13% are universities or four-year

colleges which include associate
degree curricula in their offerings

10% offer engineering technoldgy only
13% offer a variety of technical programs

butrdeai only in technical education

64% are comprehensive community colleges
134 are senior colleges.or universities

11% have at least one curriculum
accredited by the Engineers' Council
for Professional Development

92% are accredited by the appropriate

regional accrediting association

80% offer four or fewer engineering
technolpgy curricula

20% offer more than four engineering''
technology rurricula

Electrical/Electronics Technology is

I offered most frequently (30% of the

total turricula,'50% of the insti
tutions, and 25% of the associate
degrees awarded)

Mechanical Technology is second in .

frequency of offering (12% of ,the

total curricula, 25% of the insti-

tutions and 13% of the associate.

degredinewarded)

4.

CurrisOlum Characteristics

Conceptual Framework

Engineering technology curricula,' although they may differ from

one another in certain respects, are expected to have many character-

istics in 'common. An analysis of existing curricula should reveal'

2'~
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40

some major patterns of commonality and should suggest ways.in which

curricula can be distinguished. The patterns of contemporar4

practice, in turn, might suggest goals for future evolution of such

curricula.

Based on suSh a conceptual framework, curriculum analysis was

undertaken. Preliminary investigation had suggested that three ,

variables would be of major usefulness in such an anst4.6j4 of engi-
...

neering technology curricula:

1. Institutional setting
MI

2. Curriculum Structure

3. Technical discipline of curriculum

For analysis purposes a curriculum's "institutional setting"

was defined as the kind of institution--monotechnical institute,

polytechnical institute, comprehensive community college, etc.--in

which the curriculum was found; the "curriculum structure" was a

profile of the required cAdit hours in various curricular areas;

and the "technical discipline" was the major emphasis of the cur-

'riculm, that is, the area of specialization (drafting, electronics,
k

highway construction, etc.) on which it concentrated.

Two additional variables, "accreditation by the Engineers'

Council for Professional Development" and "topic coverage in selected

areas" were initially expected to be somewhat usefulin discrimina-

tion Of curricula. The "accreditation" vAriable is treated here;

the "topic coverage" variable has been t ted separately.

A number of other possible variables} exiged bu. were rejected

4/0
because it was believed they possessed limited reteva ce. Such

variables included control (private vs. public), age f curriculum,

enrollment in curriculum, age of institution, credit asis (semester,

quarter, other), of institution (ur al), and others.

1

Procedure and Sample

A sample of 120 engineering technology curricula were chosen

and subjected to analysis. This was essentially an arbitrary

sample. It does not have--nqr was it intended to have--the statis-

tical properties of randomness, stratification, or representativeness.

Rather, the curricula selected were ones judged likely to have in-

fluence--past or future--on the trends in engineering technology

education.

The curriculum study was made principally by means of examining

the published catalogs and bulletins of various Institutions, although

19 of the institutions involved were personally visited by the author.

It

4

2
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In the sample, 71 Of the curricula were accredited by ECPD.

The distribution by discipline of the curricula in the sample

is indicated in Table 3. -

The classification of curricula in the sample by institutional

setting is given in Table 4. The original intent had been to pro-

(1

vide for approximately 30 members of each category, an objective

satjsfactorily achieved. However,' preliminary study showed that

university programs--because of their assignment to separate branches,

campuses, departments or other instructional' units--resembled closely

TABLE 3.--Curriculum Titles in a Sample of 120
Engineering Technolegy Curricula

Associa,te Degree

ANA.oximate Curriculum Title Number

Aeronautical 4

Air Conditioning *
-- 3

Architectural (including building construction) 13

Ch mil' 8

Civ'l 4ncluding surveying, highways) 18

Dra tang /Design 8

Elec rical 7

Elect onics 21

Indus ial (including manufacturing) 7

Mechanical . 18

Metallurgical (including materials) 4

Other (automotive, computer, petroleum, fire
protection, nuclear)

9

TOTAL 120,

TABLE 4.--Institutional Settings of the Curricula in a Sample of

120 Associate Degree Engineering Technology Curricula
O

Kind of Institution Number of Curricula

Monotechni car Institutes 24

Polytechnical Institutes 35

Comprehensive Community C011eges 28

Universities s 33

TOTAL 120

the programs in either monotechnical institutes or polytechnical

institutes.' A reassignment of the 33 curricula in universities re-

sulted in the distribution'shown in Table 5; this grouping was used

2j
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TABIE- --Groupings Used in the Analysis of a Sample of 120
Associate Degree Engineering Technology Curricula

,

Kind of Institution Number of Curricula

Monotechnical Institutes 54

Polytechnical Institutes 38
Comprehensive Community Colleges

TOTAL 120

through the analyses conducted. Although the cells are unbalanced

as a result of the regrouping, the internal variance in each cell

is virtually unaffected.'

The sample was taken approximately equally from the various

geographic regions of the United States. Table 6 shows the geo-

graphic distribution of the sample. While the northeastern region

is somewhat over-represented in the sample, this region also possesses

a disproportionately high fraction of the total institutional popu-

lation-which is engaged in engineering technology education. The

distribtion,is deemed satisfactory for these purposes.

TABLE 6.11FGeographic Distribution of a Sample of 120 Associate
Degree Engineering Technology Curricula

Geogralbhic Region Number of Curricula

Northeast 34
Wutheast 18
North Central 30
South Central
,West

4

The results of the analysis are given in a later section of

this paper.

Definitions

to; the purposes of this paper, the following definitions

related to curriculum content are adopted:

Teohnioal specialtytechnological subject matter content
in an engi4eering technology curriculum in which a student
,concentrates study;ithe "major" of a curriculum. For example,
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technical specialty subject matter in an electrical technology
program usually will include college courses entitled "elect-
rical machinery," "transmission networks," "microwaves," and

the like.

/Related technical studiestechnological subject matter
content in an. engineering technology curriculum related to some
area of technology or to the development of skills to support a
technology, but which is not directly related to the specialty

of the curriculum.. For example, related technical studies in

.an electrical technology curriculum might include college courses

entitled "engineering drawing," "manufacturing processes,"
"industrial` materials," or the like.

Technical sciencessubject matter content in arrpngineering
technology curriculum involving basic mathematical and/or
scientific principles applied to technical problems and situ-

ations. Derived from the "pure sciences", the technical sciences
may include such areas as statics, dynamics, strength of materials,
fluid mechanics, thermodynamics, statistics, electric theory,

and properties ibf matter. The "technical, sciences" of an engineer-

ing :technology curriculum are analogous to the "engineering

sciences" of an engineering curriculum.

, Physical scienceschemistry, physics and integrated
courses in chemistry and physics.

Mathematicssubject matter content beyond the level of
"intermediate algebra ", that is, "college algebra" and other

mathematics subjects includingitrigonometry and calculus which
have college algebra as a co- or pre-requisite.

Communicationssubject matter content related to grammar;
rhetoric, speech writing, and other phases of language, except
literature, ang requiring four high school units in English as

a pre - requisite.'

Humanities/Social Studiessubject matter content,related
to li,terature, the arts, philosophy, psychology, history,
sociology, political sciences, and the like.

Other studiessubject matter content in a curriculum not
classifiable under one of the preceding categories; these

include R.O.T.C., physical education, life science, foreign
language, and "free electives" not identifiable by category.

A "Typical" Engineering
Technology Curriculum

The sample of 120 engineering technology curricula examined

'displayed patterns of similarity, although some variance was detected.

Table 7 summarizes the major curriculum characteristics of these

programs in terms of semester hour credits required in various cur-

ricular areas. The range, the mean (adjusted to the nearest half-

credit), and the mode of the required credits are reported,

As can be noted from Table 7, the'requirements in each cur-

ricular area had considerable apparent variation. Ptyit of this

variation is real and is to be expected, due to the differences in

program objectives at different institutions. On the other hand,

Elope of the variation ,is artificial and was introduced ty the class-'

ification scheme used' in this study. For example, the introductory

3j
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courses in Chemistry which appeared in the Chemical Technology pro-

grams analyzed were class1ified as "physical sciences" rather than

"technical specialties;" such classification procedures per se con-

tributed to the low extreme in the range of requirements in the

"technical specialty" area and the high extreme in the "physical

sciences" category as shown in the table.

TABLE 7.-- Curriculum Characteristics of a Sample of 120 Associate
Degree Programs in Engineering Technology

Curricular
Area

Semester Credits Required

Range Meana Mode

A
Technical Specialty A

Related Technical Sfidies
Technical Sciences

Physical Sciences
Mathematics

Communications

Humanities/Social Studies
Other

Total Technical Studiesb
Total Curriculum

8-42 23 24

0-22 8 8

0-22 7 8c

4-18 7 8

4-14 8.5 10d

3-12 6 6

0-15 7 6

0-14 2 2 4.

24-51 39 40

60-83 71 72

aAdjusted to nearest half semester credit; for computed values,
see Table 8,

bIncludes technical specialty, related technical studies and
technical sciences.

cHigh frequencies at 0 and at 4 semester credits were also noted.

dHigii frequency at 6 semester credits was also noted.

The histograms of Figure 1 give some insights into The variations

and central tendencies which were found.

Table 8 summarizes some relevant,statistical prop ies of the

data used. In Table 8,.a "computed mean" is the result f a numer-

ical calculation, to the nearest tenth of a semester credit, of the

mean of the data being analyzed; this is a stable statistic which is

useful for making comparisons within the data base! but is not espe-
N../

cially meaningful esciiptively., The "adjusted mean," a value kunded

to the nearest hal -credit, is more useful as a nominal value. The-

standard deviation has the usual meaning c,f that statistic, '/-Relative

variability" as reported in the table is a statistic which gives an

Indicatiori of the extent to which data are clustered about their mean;

it is a rough' measure of kurtosis. In this situation, a relative
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TABLE 8.--Statistical Characteristics of Data Used in Development
of a "Typical" Associate Degree Engineering Technology
Program from a Sample of 120 such Curricula

Computed Adjusted Standard Relative 'Conformal
Meana Meana Deviationa Variabilityb Limitsa

Technical,
23.2 2-23 5.52 23.8 1.8Specialties ,

I ,/
Related Tech.

7.8 8 4.62 59.2 1.5Studies

Technical
6.7 7 4.70 70.0 1.5

Sciences

Physical
6.9 7 3.08 '44.7 1.0Sciences

'Mathemitics 8.5 8.5 2.20 25.8 .7

Communications 5.9 6 2.24 38.0 . .7

Humanities/
6.7 7 4.00 60.0 1.3Social Studies

Other 2.1 2 3.94 185.7 1.3

Total Tethnical
39.1 39 5.44 14.0 1.8Studies

Curriculum /

71.1 71 . 6.68 9.4 2.3Total

a
In semester credits

bIn percent

variability less than 25 percent implies a significantly leptokurtic

distribution (one more peaked than the "normal" distribution)-having

the mean value itself occur frequently in the data. A relative

variability near 50 percent is associated with data having a multi-

modal distribution (as in the case of "communications," where a

distinct bimodal pattern is observed). A relative variability ex-

ceeding 100 percent (as in "Other," Table 8) is associated -with data

having an extnemly platykurtic distribution or lacking any appreciable

central tendency at all. For data with relative variability exceeding

about 35 percent, the strongest mode is probably a Defter repre#nta-

tion of practice than is the mean.

.r
The "conformal limits" reported in Table 8 are statistics which

will be useful in the profile analysis,to be made later in this

paper. It has been assumed that the sample of 120 curricula form a

whole-set of data comprised of several differing subse sT. Each Sub-

set presumqiy will have data means which conform or n t to the

data mean/Of the whole-set. The range around the whole-set mean 4111

34
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through which a subset mean can vary-and still be assumed to conforM

to the whole-set isthe "conformal limit." Conformal limits for the

purposes here have been arbitrarily set so that 33 percent.of the

sample falls within the conformal limits of the adjusted means.

Figure 2 is a graphical representation. of some of the data in

Table 8. . The abscissas on the figure give the adjusted mean of the

semester credits required in various curricular areas of engineering

tec nology programs. The bold line is a "profile" of such require -

men sjthe shaded area represents the conformal limits of this profile.

FIGURE 2.--Profile of the Curriculum Structure of a "Typical" Engineering
Technology Program, Showing Conformal Limits of the Sample

Investigated. ,
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Curricular Differences 4..

Related to Institutional Setting

It was initially assumed that the curriculum structure of an

engineering technology curriculum might vary with the institutional

setting in which the curriculum is offered. To test this hypothesis,

the profile,$) of three subsets, of c ' rricula- -those existing in mono-

technicAl'institutes, polytechnical institutes, and comprehensive

community colleges-- were plcAted and compared to the hole-set pro-

file. The results are shown in'Figure 3. Table 9 gi es the corres-

ponding numerical data. The shaded area on Figure 3 represents the

conformal limits of the whole-set profile (see Figure 2 and the

accompanying discussion).

As can be readily seen from Figure 3, the profiles of the

curricula which are offered in monotechnical institutes and in

polytechnical institutes correspond closely and fall everywhere

FIGURE 3.--Profiles of Curriculum Structure of Engineering Technology Programs

in Monotechnical Institutes, Polytechnical Institutes, and Compre-
hensive Community Colleges
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TABLE 9.- -Meafl Requirements by Cur'ricula Area of Associate Degree Engineering

technology Programs Offered in Various Institutional Settings, as
'Calculated from a' Sample of 120 Such Curricula.

Currie ar Area Monotechnical Polytechnical Comprehensive
Institutes Institutes Comm. Colgs

Technical Specialties 24.0

Related Technical Studies 7.5

Applied Sciences 7.7

Physical Sciences 7.7

Mathematics 8.8

Communications 6.3

Humanities/Social Studies 6.4

Other

Total Technical Studies 39.9

Curriculum Total 72.8

23.9

7.4

6.2

6.8

9.@

5.6

7.7

1.6

39.7

71.8

21.2

8.3

5.5

5.6

7.2

6.0

5.8

5.6

36.7

67.7

within the conformal limits of the whole-set profile. Programs in

comprehensive community colleges, ho ver, appear to have a cur-

riculum structure with a somewhat dif erent profile. The differences

are discussed in the following:

1. Community College curricula are shorter. This is not
unexpected. Community colleges feel somewhat constrained to
maintain equivalency in the length of all programs they offer;
thus, the traditional length of the transfer (liberal arts)
'curriculum, 60-64 semester hours, provides a boundary condition

for the total length of curricula in technical fields.

2. Community college curricula have lower requirements
for total technical studies. This is an obvious corollary of
the previous finding. What is surprising, howeyer, is that the.,

distribution of "total technical studies" in community colleges
is irregular with re ect to the whole-set profile rather than
being uniformly low For example, the amount of technical
specialty subject m tter required,' although less than the mean,
is within the conformal limits of the whole-set, but related
technical studies appear to a greater extent than the mean and

technical sciences are below the confbriali limits.

3. Physical science. and mathematics appear as require-.

ments in community-college-based engineering technology cur-

ricula to a lesser extent than these subjects do in curricula
from other institutional settings.

4. An appreciably greater number of credits in.-the engi-
neering technology curricula having a community college setting
are in the "other" category, that is, are comprised of physical

education, R.O.T.C., foreign language, and "free" electives.
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The differences just noted are individually minor, but considered

collectively lead to the inferences that community college curricula

in engineering technology tend to be (1) less broadly based, since
;

they tend to have fewer credits in the applied and physical sciences

areas, and (2) less abstract, since they tend to have a somewhat

more limited mathematics content. And
k
because their subset profile

differs from that of the sample as a whole, it is also possible to %

4f,

infer that the curriculum structure of community college engineering

technology programs may be based on an educational philosophy dif-

ferent from that which motivates monotechnical and polytechnical

institutes. Such a generalization, however, is tenuous and must be

used with extreme caution.

Curricular Differences Related to
Technical Discipline

Engineering technology curricula were expected to show some

differences related to the tecnnical disciplines of the programs.

For example, it was assumed that the typical curriculum structure

of an electri*Cal technology program might differ from that of a

civil technology program. To test this hypothesis, the curriculum

structure profiles of three subsets of curricula -- mechanical, civil,

and electrical- -were plotted and compared. These were curricula

all in the same kind of institutional setting; namely,polytechnical

institutes. Figure 4 shows the results. As can be observed from
7

FIGURE 4.--Structural Profiles for Three Kinds of Associate Degree

'Engineering Technology Curricula, Illustrating Inter-program
Structural Variance by Technical Discipline.
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the figure, programs in different technical disciplines sometimes

differ appreciably in the way in which requirements are distributed,

especially in the technical areas of the curricula.

Because the curriculum structures of programs in different

technical disciplines dp deviate from each other, an effort was

made to assess this relative variance as compared to the variance

in the structures of programs in different institutional settings.

Hence, an analysis was made of the average difference in mean

each set of profiles. The set of means for the entire sample the

whole-set) was used as a reference. Absolute values fer-

ences between whole-set means and corresponding subset means were

calculated point-by-point.. Then, the averages of these point-by-

point differences were calculated. The average difference of means

was 0.81 semester credits for programs in different institutional

settings and 1.15 semester credits for programs in different cog-

nitive domains. Thus, for the programs in this sample, the profile

variance attributable to the "major" or "specialty" of engineering

technology curricula is approximately 45 percent higher than that

attributable to institutional setting. The structural variation

between curricula appears to be more dependent on the kind of tech-
.

nology with which it deals than on thr kind of institution offering

it. This may be an importgnt finding.

Curricula Differences
Related to Accreditation Status

An investigation was made of the differences which may exist

between engineering technology programs accredited by the Engineers'

Council for Professional Development and programs not so accredited.

Two subsets of 25 members each were randomly.selectedfrom the total

sample; one such subset consisted of accredited programs, the other,

of nonaccredited programs. To test ?a hypothesis that differences

exist, the structural profiles ofaccredited and non-accredited

curricula were-plotted. Figure 5 displays the results. The shaded

area on the figure represents the conformal limits of the sample.'

With one minor exception (total echiical studiet for accredited

curricula), both profiles fall within the conformal limits of the

whole sample's structural pattern. 'hypothesis of difference is

not sustai,,ned; the inference is that the accreditation status of a

curriculum'and its structural proile'are not significantly related.

1The conformal limits for this figure are greater, by a
factor of 1.4, than those employed-for the previous analyses
(Figures 2 and 3). Use of subsamples for this particular analysis
introduces statistical sampling er hich increase the probable
error in the computed means and hence in eaves the ange through
which one must assume "conformity" of theprofiles.

30



FIGURE 5.--Structural Profiles of ECPD-accredited and Non-accredited
Associate Degree Engineering Technology Currtcula
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Bias = axis calibration adjustment; see note on Figure 2.

ECPD-accredited Programs ---.0--

Non- accredited Programs

Modal Practices and
Inter-prograin Consistencies

As was pointed out earlier in this paper, ,some of the data

related to curriculdmstructure in engineering technology programs

have variability characteristics which tend to limit the value of

the mean for interpretations of the central tendencies of the data.

The mode in many cases is possibly a more useful statistic, especially

in describing usual practice. For example, the "Humanities/Social

Studies" component of curriculum structure (see Able 7) has assoc-

iated with it a mean requirement of 7 semester credits;, hardly any

single program contains such a requirement Close examination re-

veals that the mode is 6 semester credits. In this case, actually

three modes exist, one at 3 credits, another at 6 ,credits, a third

at 8 credits; these presumably represent the practice of requiring

either one 3-credit subject, two 3-credit subjects, or two 4-credit

subjects in this area.

A profile of curriculum structure has been plotted to represent

modal practice; this profile appears in Figurelt. In the figure,

modes have been used as data points ratftr than'the adjusted means

which were employed for the previous plots. The general similarity
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of Figure 6 to Figure 2 ( s based on means) is noteworthy;

,Figure 6 has an Advan;tag interpretation in terms pf the

credit uniteliconvential -igned to college courses. 'Examination

of individ$1 curricula re Is that many 'engineering technology

program-s have etructuraal profiles which'tract, major sections of the

modal profile.

/7One possible explanation for inter-program co9istenqswan be

' offered. ASEE's,Charaoterietice of excellence (the "McGraw. Report")

had, in 1962-, suggested certain guideliips for the structure of engi-

neering technology curricula. On Page 25 of this document, fpr(

example, an illustrdtive curriculum was presented, showing a recom-

mended distribution of credits in certain curricular areas. That

astributioa ii indicated in Table 10: Table 10 'also gives for tom-
.

parison purposes corresponding data for the curricular areas of the

40

FIGURE 6.--Modal Curriculum Structure Profile 'for Associate '
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TABLE 10---Distributicin of Credits in McGraw's "Illustration" and
the Modal Associate Degree Engineering(Technolog)4Program
of 1970

Curricular Area

Semester Credits

Suggested by
McGraw, 1962

Modal

. Program, 1970

AO'

Total Technical, Studies 39 404
Physical Sciences 6 8

Mathematics 12 10
Communicatiops 6 to, 6

Humanities/Social Studies 6 6

Other 3 2

'Curriculum Total 72 72

modal engineering technology program discussed above. (editorial

revisions have been made both in the terminology used in the 1962

McGraw Report and that previously used here in order to facilitate

comparison; the McGraw Report did not treat as many curricular sub -
\

divisions as were used here.) Examination reveals a high degree of

correspondence between items in the table. Vre inference is that

the 1962 McGraw Report has had a tremendous directive influence on

I

I

the evolution of engineering technology education programs.

Summary

Engineering Technology Education programs are available in

seven kinds of institutional settings:

AL
1. Monot hnical institutes

2. Polyte nical institutes

3. Comprehensive Community colleges

re
4. Universities

5. Company schools

6. Service schools

"'I% 7.. Correspondence schools

The first four classifications accodnt for the majority of the

programs.

4 ')ti
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For various reasont, it is difficult to inventory the national

effort in engineering technology education. Perhaps'the best estimate,

of the population is that approximately 560 institutions offer nearly

1600 curricula. I

culum structure' in engineering technology education programs

varies somewhat' with institutional setting and with the technical discipline

of the 'programs Analysis of the distribution of the number of semester

credits required in various curricular areas leads to the following

estimates of "typical" structu41 profiles:

Curricular Area Mean Requirement

-'Technical Specialty 23

Related Technical Studies 8

Applied Sciences 7

Physical Sciences 7

Mathematics 8.5

Communications 40 6

Humanities/Social Studies 7

Other . 2

Total Technical Studies 39 4"k

Curriculum Total 71

Profile analysis yeilds the followin:

1. Monotechnical and polytechnical institutes offer

programs with essentially identical structures.

2. Community colleges offer programs which are shorter
tal length, contain fewer credits in physical science

mathematics, and have more "free" electives.

3. University-based programs are like those in mono-
technical and polytechnical institutes.

4. _ Curriculum structure varies more with program

emphasis (technical discipline) than with institutional setting.
0

5. . Programs which'Are accredited by ECPD do not differ

significantly in their curriculum structure,from programs
not ECPD accredited.

A comparison of the "modal" profile of existing engineering

technology curricula (the mode being for this purpose a more useful

descripti4e statistic than the mean) with the illustrative cur-
.

riculum in the McGraw Report reveals close correspondence between

these two.

Implications

The possibre- implicatio.ns of the analysis described in this

,paper must be extrapolated, for they are not entirely explicit in

tne data. The implications fall' into two major domains.

43
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First,(it can be readily noted thtt the majority of engineering

technology curricula have semester hour requirements--regardless of
r

the institutional setting--which exceed those normally associated

with two years of college work. The range of requirements of the

associate degree in'engineering technology was found to be from

60 to 83 semester credits, with a mean of 71 and a mode of 72. To
I ,

.

many observers, such data indicates a seriour "overcrowding" of the

curriculum, especially when the mean abilities of entering students

(see Chapter 7, herein) are donsidwed. There may also be impli-

cations that only ogttai kinds of institutional settings are

appropriate for engineering technology programs.

And secondly, the lack of variability among programs - -in most

of the curricular areas treated and withrespect to several different

variables--sugges -thai a "lock-step" configuration may exist in

this educational d in. While inter-program Conformity may wellIt
help assure that certain minimum standards are being widely met, a

high degree oit..
I v

,ch conformity may indicate that little educational

experimentati. 'or innovation is occuring in the area. The charac-
.

teristics of engineering technology curricula are well defined; tI

programs'in this area have Structural patterns which are surprisingly

similar and the differences which do exist among programs are minor:

But such conformilf4.h itself gives rise to a dilemma with which

educators and others sensitive to the needs in the area must wrestle.

I

*

#'

4,1
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CHAPTER 3

ILLUSTRATIVE CURRICULUM qpins FOR 1

ASSOCI E'DEGREE ENGINEERING

T CHNOLOGY PROGRAMS

The purpose of this chapter is to illustrate, without makilq

evaluatione, the kinds of rriculum guides which appear in the

catalogue or bulletins of i itutione which offer associate degree

programs in engineering technology. Four examples are listed. In

each case, a brief description of the institutional Setting of the

curriculum is given, but inatituitone are not otherwise identified;

course numbers, for example, have been omitted. The objective is

merely to illustrate contemporary practice, not to imply endoreement

of the examples presented. These illustrations are not neceeearily

to be regarded as modele.

Ar. Electronics En4ineering Technology

Curriculunr

This electronics engineering techndlogy curriculum is offered

by a large, public, comprehensive 'Community college in the western

part of the United States. The total college enrollment exceeds

10,000 students. Approximately 600 students are enrolled in associate

degree engineering technology programs; one-fourth of these are in

electronics engineering technology.. The institution operates on a

semester calendar. The institution is regionally accredited, and

the electronics curriculum is accredited by ECPD.

Table 11 shows the curNculum guide; individual subjects de-

scriptions, quoted or paraphrased-from the institution's catalog,

are given in the following:

Freehman Englieh /.--This course emphasizes wriaing
adequate English prose and includes practice in Engl/Th
fundamentals and elementary semantics., Frequent practice
in descriptive, narrative and expository writing stresses

sound organization and technicaal correctness; collateral
reading is also required.

Freehman Englieh 2.-- Writing and discussion are based'
on extensive and intensive reading, 'and critical evaluation
of literary material. Research is required, the emphasis
being placed upon techniques of getting information, taking
notes, constructing outlines, organizing material, and
writing the documented report.

Mathematice for Electronibs Technicians.--Including the
basic principles of algebra and trigonometry, this course

contains applications selected fromIthe field of electronics

3? 1 39:



TABLE 11.--An Electronics Engineering Technology Curriculum

cc
,:

>

ix
0
w.
cc

u_x

.

First Semester
_,

.

Second Semes,(er
.

t Subject

Freshman English.1

Mathematics for Electronics Technicians
Introduction to Electronics
Drafting for Electronics Technicians
Physical. Education' /

Creditl

3-0-3

4-0-4

5-6-7

0-6-2

01-2-1

12-14-17

Subject

Freshman English 2
Circuit Analysis
Base Electronics

t.

_

General Education Elective
Physical Education

Credit

3-0-3

3-00
5-6-7

3-0-3
0-2-1

14-8-17

Ec

3.-

w
=o
x
o
CL

LA

Third Semester
Fourth Semester

Subject
.

-Intermediate Xlectronics,

Communications Electronics
Calculus for Electronics 1
General Physics 1
General Education Elective
Physical Education

.

i
Cr dit

,

3-3m4

3-3=4

3-0-3

S-3-4

2-0-2

0-2-1

Subject

Pulse Circuits

'Digital Computer Fundamentals
Calculus for Electronics 2

Electronics Measurements and
Instrumentation

Physical Education

b.

Credit

3-3-4

3-3-4

3-0-3

0-2-1

14-31-18 12-15-16

lEntries _under "Credit" are given as class periods per week, laboratory periods per week, and semester hourscredit, respectively; thus, the entry t-6-7 implies a subject which meets 5 hours per week in class, 6 hoursper week in laboratory, and yeilds 7 semester hours credit.

2Physical Education is an institutional requirement; this curriculum contains 66 semester hours of academicwork plus 4 semester hours of physical education for a total of 70 semester hours credit.
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- The work covers simultaneous equations, quadratic equations,
. and basic trigonometric relationships, with the emphasAs placed

on network problems and the solution of alternating current
circuits.

Calculus for Electronics 1,2.--These art 'courses in the
methodh and results of calculus which are of the most direct

...,/euse in the study of circuits. Study in the first course begins
with the fundamental concepts and the basic operations of cal-
culus as applied to power functions. The second course deals
with trigonometric, logarithmic and hyperbolic functions,
infinite series, and an introduction to,differential equations.

Drafting for Electronics Technicians.--This is a one
semester course designed to provide electronic technicians
with basic skills in orthographic projection, dimensioning,

chassis layout, block diagrams and circuit diagram layout.

' General Physics 1,2.--General Physics includes the follow-
ing fields: mechanics, properties of matter, wave motion, sound,
heat, magnetism, electricity, light, and atomic,structure. The
main objectives of the course are to acquaint the student with
the experitental method, to develop la oratory skills, and to
build up .an organized body of knowledge related to physical

phenomena encountered'in the student's life. Necessary trig-
onometry will be developed in the course; intermediate algebra
is a prerequisite.

.

Introduction to Electronics. -- Covering the electrical

fundamentals of electronics, this course is intended for those
students who have no previous knowledge of electronics. It

includes Ohm's law, DC circuits, power, meters, magnetism,

batteries, inductance, capacitance, resonance, AC circuits,
filters. Laboratory includes basic shop practices and work
with electronics test instruments.

Circuit Analysis.- -This course provides an extensive

coverage of electrical principles as applied to electronics
circuits. Included are siech topics as basic network analysis,

Thevenin's theorem, magnetic circuits, inductance, capacitance,
alternating current, circuits, impedance matching, resonance,
etc. Essentially, this is a problem course with the continuous

application of theory to practical circuit analysis.'

Baiic Electronics. -- Providing comprehensive coverage of

the whole: field of electronics, this course begins with a

study of vacuum tube and transistor principles and parameters.
This is followed by a detailed analysis of rectifier circuits,
and audio and video amplifiers, and radio frequency amplifiers.
The laboratory work is closely coordinated with the lectures
in order to develop practical applications of the theoretical
concepts. -

Intermediate Electronics. -- Primarily a study of transistor
physics and circuits, including a study of transistor parameters
and large signal and small signal amplifier design, this course
covers ,transistor bias and stability methods and extensive
qualitative analysis of many special semiconductor devices and
circuits.

Communications Electronic:B.Topics include AM, FM, mobile
communications equipment, television transmitters and receivers,
alignment and trouble-shooting techniques.

Pulse Ci"rouits.--This course includes pulse amplifiers,
linear wave-shaping, non-linear wave-shaping, multivibrators,

timebase oscillators' and generators, and applications of pulse
circuits.

11J
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Digita l-Computer Fundamentals.- -This course includes an
introduction to the logic and circuitry of digital computers, a
survey of computers and computer programming, number systems

and binary arithmetic, and Boolean algebra as applied to logi-
cal design. Included:also is study of the basic electronic
circuits used in digital computers, computer arithmetic opera-
tioRe, memory elementg, and input-output devices.

-42-

Electronics Measurements and Instrumentation.--A study of
viarious electronic instruments and measurement techniques used
An testing and analyzing electronic circuits. The course cov-
ers devices 4md,methods used for sensing and presenting visual;
displays of various quantities, including transducers, oscil-

loscopes, analog and digital display devices, recorders, and
telemetry.

A Civil Engineering Technology
Curriculum

This civil engineering technology curriculum is-offered at a

public monotechnical institute which is a separate branch of a south-

-eastern engineering college. The branch has approximately 1100

.students enrolled in ten engineering technology curricula; about one-

third of the enrollment is in civil engineering technology. A

quarter-based calendar is used. The curriculum currently is accred-

ited 13 ECPD, and the instAtution is accredited by the appropriate

"regional association.

Table 12 shows the curriculum guide; individual subjects in the

curriculum are described in the following quotations or paraphyases

from.the institutional catalog:

English /.--Planning the composition, effective paragraphs,

effective sentences, some attention to grammar and punctuation.

English 2.--Vocabulary building, dictionary study, practice
in developing sentence style, precise writing, paragraph tech-
nique, and business correspondence.

Technical Writing.-76tudy of the fundamentals of technical
writing style and mechanics, with practice in preparing reports
of the various types most likely to be used on the job by engi-
neering technici ris.

Public Spea tng.--Study and practice in the fundamentals
of public speaking. .The subject includes training in selectirig

a topic, obtaining and organizing material, and presenting
speeches effectively. Each student makes several speeches before
an audience.

Psychology.--A study of b asic psychological causes of
human behavior which includes both environmental stimulation

and internal factors such as needs, drives, attitudes, and
frustration; followed by psychological testing and placement
and group behavioral patterns applied to such areas as group
communications and interactions, group leadership, industrial

training, and industrial safety.

Engineering Drawing.--Introduction to drawing, use of

instruments., lettering, geometric' construction, orthographic

projection, auxiliary views, dimensioning, and drawing con=
ventions.



TABLE 12. - -A civil Engineering Technology 6urriculum

tx

W

z
<
H
2
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First Quarter
A,

Second Quarter Third Quarter

Subject Credit 1

Materials and 'Architectural
5-0-5

Drawings

Elementary Surveying 1 1-3-2
Engineering Drawing 1 0-6-2
Algebra 5-0-5 .

Computer Programming 0-3-1

11-12-15'

,

Subject Credit

Elementary Surieying 2 1-6-3
English 1 3-0-3
Trigonometry ,..5-0-5

Physics 1 4-2-5

Subject Credit

Highway and

Construction
Engineering Mec nics 2-.0-2

English 2 3-0-3

Analytic Geometry and
5 -0 -5

Calculus
13 -8 -16

.

15-6-17

txa
Au
-
w
cc:,

xo
x
Q.0
ul

-

Fourth Quarter Fifth Quarter Sixth Quarter 2

Subject Credit

Strength of Materials 3-2-4
Land Surveys 2-6-4
Physics 2 4-2-5
Phol 5-0-5Psychology

Subject Credit

Municipal Sanitation
and Hydraulics

4-3-5

Soils and Materials
3-6-5

'Testing .

Technical Writing 3-0-3
Physics 3 4-2-5

Subject Credit

Estimating 3-3-4
Structural Drafting,

0-4-2
Concrete

Topographic and

Coltour Surveying
2-6-4

Heavy Construction 2-3-3

Public Speaking 3-0-3
14-10-T8 ' 14-11-18 10-16-16

lEntries under "Credit" indicate, respectively, class hours, laboratory lFours, quarter credit hours.

2The curriculum total is 100 quarter hours (approximately equivalent to 66 semester hours);. no electives
appear.



-44-

Algebra.--Systems of equations; exponents and radicals;
quadratic functions; graphs of functions; ratio, proportibn

and variation; complex numbers; higher degree equations; in-
equalities; logarithms; progressions and determinants.

Trigonometry.--Trigonometric functions, plane right
triangles, reduction formula, fundamental relations, identities,

addition formulas, double angles, half angles, inverse func-
tions, solution of oblique triangles,'logarithms, and complex
numbers.

Analytic Geometry end Calculus.--An introduction to the
analytical study of the straight line and conic sections. A
survey of fundamentals of the calculus, including the differen-
tiation and integration of polynomials. Applications to rec-
tilinear motion, macima and minima, areas, maxima, fluid pres-
sure, and work.

Computer Programming /.--An introduc-ion to prOgramming
the digital computer for solving elementary problems in math-
ematics'and technology.

Materials 4 Architectural Drawings.--An introductory
study .of reading architectural drawings, the physical proper-
ties of materials that are used in structures, and the Lang-

./uage of construction.

Elementary Surveying /.--Care and use of engineer's level,
transit and tape, leveling, traversing.

Elementary Surveying 2.--Continuation of Surveying 1:
Closure and area computations, stadia; contours, building lay-

outs, profile levels, U.S. System of Land Surveys, earthwork,
lines and grades, city surveys, the interpretation and plotting
of field notes of topographic surveys.

Highway Surveying and Construction.--A study of highway
location, geometric considerations, drainage and sizing of
drainage structures, grading and earth movement, soil stabi-
lization and road surfacings, and preliminary and construction
surveys for route locations. Included are simple, compound,
reverse, and multi- centered circular curves, highway and rail-
way spiral easement curves, superelevations, and parabolic
vertical curves. The laboratory time is used for field lay-
out of curves, earthwork problems, and-the preparation of a
complete set of highway plans.

Municipal Sanitation and Hydraulics.--A study of sources,
collection, treatment, and distribution of municipal water
and sewage systems. The subject matter includes flu40, statics,
flow of an incompressible ideal fluid, flow of real fluid in
pipes, multiple pipe-line problems, liquid flow in open channels
and fluid measurements. The laboratory time is used for fluid-
flow measurements and visits to water and sewage plants.

Structural Drafting-Coricrete.--A study of various types
of concrete floor systems and preparation of working drawings
for the concrete members of a structure. As a term project,
the student is given the design for a multi-story concrete
framed building from which he prepares the structural plans
and the shop details for a part of the reinforcing steel.

Engineering Mechanics.--Statics; principles and applications
Hof free body diagrams for force systems, shear and moment

114agrams, deflections of beams by numerical integration, de-
.

termination of section properties.

Strength of Materials.--A discussion of strength of materials
concepts. Subject matter includes stress and strain analysis,
both elastic and plastic, with emphasis on elastic analysis of
axially loaded members, connectors, beams and columns.
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Estimating.--4 course designed to develop a method of
preparing material and labor quantity! surveys from "actual
working drawings and specifications.

Soils & Materials Testing.--A study of aggregates, cement,
concrete, so. s: Testing aggregates, mix designs, adjustments,
slump, culations of concrete characteristics, actual mix-
ing, curing and testing. Theory of soil mechanics as applied
to permeability, consolidation,' shear strength, unconfin2d and
triaxial compression. Inplace density, Atterberg limits, com-
paction tests, specific gravity, grain size, classification of
soils. Asphalt properties, mix design, and testing.

stand Surveys.--Theory and practice of land surveying,

subdivision; filing and fecording deeds; U.S. system of land
subdivision; plane coordinate systems; county and state laws;
city surveying procedure; use Of instruments and computations_
on astronomical observations for azimuth determination; State
Land Lot System of land subdivision.

Topographic-and Contour Surveying.--Theory, description,
and use of advanced surveying instruments and methods; practice
of state andplocal coordinate systems for cadastral surveys

and construCtion work; field work for the design and construction .

of engineering projects; use of the Plane Table on Topographic
surveys; altimetry, optical-type instruments; triangulation;

base-line measurements; hydrographic surveying.

Heavy Construction.- -Heavy construction operatiOns; fund-

amentals, equipment, earth excavation and movement, drilling Ale

and blasting, production of stone aggregate, concrete Mixing
and placin, pile driving, cofferdams, foundations.

Physics 1 (Mechanics). - -An introduction to Newtonian
mechanics. The subject matter includes measurement, accelerdt-
ed motion, ballistics, the laws of motion, friction, statics,

circular motion, work, energy, momentum`, rotary motion, simple
machines, elasticity, simple harmohic motion, and-the statics
and dynamics of fluids.

Two demonstration lectures and two recitations per week.
Laboratory exercises supplement the work in the classroom.

Physics 2 (Electricity and Magnetism).--An introduction to_
electromagnetic theory and its simpler applications. The sub-
ject matter includes electrostatic forces, fields, and potentials,
electric current, resistance,, simple d-c circuits, capacitance,
magnetic forces and fields, electromagnetic induction, induc-
tance, simple a-c circuits, and electromagnetic radiation.

Two demohstration lectures and two recitations per week.

Laboratory exercises supplement:the work in the classroom.

Physics 3 (Heat, Sound, Light, Modern).--An introduction
to the theories of heat, sound, and light andka study of their
simpler applications. The subject mfitter includes thermometry,

elementary thermodynamics, heat tiansfer, wave motion, sound,
reflection and refraction of Tight, and physical optics.

The modern physics segment includes brief considerations

of relativity, quanta, atomic structure, the nuclear the nuclear
atom, radioactivity and nuclear energy.,

Two demonstration lectures and two recitations'per.week.

Laboratory exercises supplement the Work in the classroom.

A Mechanical Engineering Technology
Curriculum

'This mechanical engineering technology curriculum is offered

by a public polytehnical institute inIthe northeastern section of
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the United States. The institution has a total enrollment of

approxisltely'450 stUdetts: some 3S0 of these are ftrolled in five

engineering technology prograws offered, about 8U in this curriculum.

The curriculum is.accrediled by ECPD. A semester -based calendar is '-

employed.

.

Table 13 gives the curriculum guide; the subject descriptions,

abstra6ted from--the institution's catalog, appear in the following:
f

Technical Drafting 1.-.-This course provi ag- basic know-
ledge of the standards and uses of'drafting and develops skill
in the use of drafting equipment. It covers lettering, prin-
ciples of projection,, auxiliary views, sketching, layout, geo-
metric construction, and'dimensioning.

Technical Drafting 2,--The fundamentals of graphic theory
4001as applied to mechanical engineering problems as developed

through a studyd6f the relative position of points, lines,

and planes in space; also covered are intersections and develop-
.ments of geometrical solidi., the recognition of standard stmbola

for materials and mechanical parts, and their use in diagrams
and drawings.

41011 English 1.--Designed to teach the student to read and t
ically, to:.wr4mweffectively and to understand the funda-

mentals of written and oral composition. Sentence structure,
paragraph development, and the construction of essays i lying
the collection and use of materials are stressed. Atte n is
given to the proper delivery-bf oral material. Some in ction
is given in the principles of correspondence. A major arch
paper is required in this course.

English 2.--1 continAltion of English 1, strOissi.ng the

analysis and development of the formal patterns of expository
writing. Selected works from bghth classical and current

literature are critically examine and evaluated in lecture
as a basis for class discussion. Theme assignments range from
the simpler types of expository writing to the formal research
paper. A major written repot is required. ,r,

Manufacturing Processes /.--A study of the various
manufacturing processes used in industry. Laboratory work
includes layout work and the use of the laasic hand tools, and
the operation of drills, milling machine!, shapers, and grinders.

Demonstrations are given with automatic and special machines.
Field :trips are takgn to local mant4acturing plants.

Manufacturing Processes 2.--This course places emp asis
-on the. hot manufacturing proc ses dnd includes the stu y of
metallurgy, foundry work, the fabrication of metals by
welding. Laboratory wor includes the preparation of metallurg-
ical specimens for metallographic examination and to interpret
grain structure. Work istgiven 144-heat treating and the use of '

the Brinell, Rockwell, and Scleroscope hardness testing machines.

ii'Strength Of Materials.--The first part of the' course deals

owith statics, including various forces and static and kinetic
Viriction, and a review of physics leading into a study of the
physical properties of common materials. Study is made of the
internal stress and deformation of elastic bodies resulting
from the action of external_ forces.

Hydraulics 4 Pneumatic Contre4.--A study of elementary
fluid mechanics with emphasis on.the use of hydraulics and

(1)1 eumatics for power transmission and for control.purposes.

study of the basic components,of hydraulic and pneumatic
systems and how they are combined to build up various circuits.

5i4 40
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TABLE 13:--A Mechanical Engineering Technology CurricHlum,

First Semester

Subject

Manufacturing Procisses 1
English 1

Technical Drafting 1

Technicil Mathematics
Physics 1

Physical Education

Credit-
.

3-3-4

'3-0-3

0-6-2

5-0-5

3-3-4

0-2-0

14-T4-18

Third Semdeter
or,

Subject.

Strength of Materials
Hydraulics A Pneumatic
Controls

Tools & Jig Design
Basic Mechanisms

Principles of Economics

C)

A Credit

3-3-4

3 -3 -4

2-6-4

2-6-4

3-0-3

13-18-19

4.

Second Semestii

Subject

Manufacturing Processes 2
English 2

Technical Drafting 2
Calculus

Computer Programming
Physics 2

Physical Education

Credit

2-3-3 OF

3-0-3

0-6-2

4-0-4

2-0-2

3-3-4

0-2-0

14-14-T8

Fourth Semester

subit Credit

Machine Design 3-3-4
Design Problems 2-6-4
Electricity &.Control. 3-3-4
Labor Economin 3-0-3
Introduction to Philosophy 1-0-3

14-12-18.

a
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,Electricity & Controls.--An introduction to electrical -

circuits and equipment with emphasis on the concepts of elect-
rical: physics. The 3Laub portion and part of the classwork

place special emphasis on electrical control circuits and how
they are used in conjunction with hydraulics and pneumatic
circuitry.

. Basic Mechanisms.--A study of the characteristics of
.mechanisms used to provide motion. The uses and design of
belts',, linkages, cams, ratchets, valves, clutches, universal

points, and gears are a few of he problems considered.

Machine Design..-The desi n principles of machine elements
and the calculations nece4ar in determining the size and
shape of various machine parts. 'Attention is given to the
variolis types of loading conditions, stresses, tolerances,

finislites, and other factors which must be considered in the
design of machine elements.

Tool and Jig Design.--This course applied the application
of design principles, mathematics, and basic science to the
study of the design of'cutting tools, gages, and holdihg de-
vices which may be required in,the manufacture of items by
automation and mass production.

Design Problems.--The opportunity to use advanced draft-
ing techniques while designing a complete machine or component
parts. The application of knowledge of mathematics and science
to practical problems in designing. The course is designed to
encoueage the student to use his judgment, initiative and know-
ledge to complete a problem.

Techitical Mathematics.--Relation of mathematics to engi-
neering applications and development of an appreciation of the

importance of precision in mathematical thought. Covers use of
slide rule, solution of linear and quadratic equations, exponents

and radicals,,logarithms, exponential functions, sine and co-
sine laws, bnomial expansion and progressions, vectors oper-

ations with imaginary and complex numbers, polar and rectangular
coordinates, trigonometric identities and equations, graphs of
trigonometric functions, and selected topics from mathematics
of investment. '

Calcu/us.-:-Presentation'of basic concepts of plane analytical
geometry andtalculus. Emphasis placed on techniques of dif-
ferentiation and integration and their applications in the tech-
nical fields. b

Computer Programmi,fig.--Introduction to flow charting and

the BASIC and FORTRAN languages; their use in solution of math-
ematical and engineering problems; application of data to
existing programs,

Physics 1. - -The purpose of this course is to give the ttu-

dent in engineering technology a thorough study of the basic
principles of physics. Topics covered in this course are systems
of measurement; dynamics, including motion, acceleration, forces
producing motion, and power; statics 4 luding concurrent and
non-concurrent forces; heat including sp ific heat,, latent

111111$

heat, and heat transfer; fluids, includin erties of g ,

,fluid pressure, density, buoyancy,.and hydraulics; sound' -

cluding simple harmonic motion, wave motion, and acoustics.

Physics 2.--This course in a continuation of Physics 1,
and is a study of electricity and magnetism, including fields
of force, potential; current, series and parallel circuits,

energy, power, induction, capacitance, and AC series circuits;
light, including reflection, refraction, thin lenses, spectra,.
interference, diffraction, ,and polarized light; atomic and
nuclear physics.

t:r)
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Principlea of Economica.--This is an introductory Course
in which thepry and practice are integrated. It includes
issues of public interest where economic analysis has a direct
bearing. In the micro-economic area (dealing with the individ-
ual parts of the economy) price theory is covered; a heavy
emphasis is placed on micro-economic theory in the area of un-
employment, national income, inflation, the balance of payments,
and economic growth. Economics is a systematic subject and its
fundamentals are carefully studied.

Labor Economics.--This course deals primarily with such
modern problems as unemployment, inflation, race relations and
poverty. Union organization and4sits effects in themarket
structure are emphasized. Public and private approaches to
security in pld age, disability and unemployment are discussed
in depth. Government legislation-and control over the labor-
management area are covered, especially the Wagner Act, The
Taft-Hartley Adt and the Landrum-Griffin Act; civil rights
legislation, fair employment, equal pay legislation and labor
negotiations are covered.

Introduction to Philosophy.--This course includes a meth-
odical examination of the diverse viewpoints, methods, and

conclusions of significant philosophers in such topics as

political philosophy, ethics, philosophy of religion, theory
of knowledge, and the problem of appearance and reality.

A Chemical Technology Curriculum

0

This chemical technology curriculum is offered by a public,

comprehensive community college in the "Middle Atlantic:. region

of the United States. The institution originated as a pplytechnical

institute, but it has become comprehensive in its offerings fairly

recently. The institution uses a quarter-based calendar. The

institution is regionally accredited, ECPD has accredited this

curriculum, and other specialized curricula have been accredited by

the appropriate agencies. The college has more than 400dstudents;

400 of these are in engineering technology programs, with about 30

in chemical technology.
A

The curriculum guide is given in Table 14; subject descriptions,

quoted or paraphrased from the institution's catalog, appear in the

following!

English 1. -- Introduction to the nature and historj`of
language. Semantics. Levels of usage. The construction of (

effective sentences and paragraphs. Critical reading of related(
essays.

English 2.--Instruction and practice in the different types
of writing including informative, evaluative and persdasive.
Style, tone and diction, and their relationship to the writer's
purpose. CitiCal reading of related essays.

Engliah 3.--The rlkdingsof prose selections dealing phil-
osophically with man and his views of the world. Development
of analytical reading, critical thinking and effective com-
munication.

5f)
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TABLE 14. - -A Chemical Technology COrriculum,
,

cc

W
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a=
x
=,

cc
LL.

First Quarter
t

,

Second Quarter

,
Third Quarter

,Subject Credit

Chemistry 1 4-3-5
Orientation 1-0-0
Englishc, 3-0-3 .

College Algebra
4-0-4and Trigonometry

Engineering Drawing 0-3-1
Physics 1 3-2-4

Subject Credit

Chemistry 2 4-3-5
Sociology, 1-. 3-0-3
English 2 3-0-3
Analytic Geometry

3 -0 -3
and, Calculus 1

Physics 2 3-2-4

Subject

Chemistry 3

Computer Programming
English 3

Analytic Geometry
and Calculus 2

Physics 3

Credit

4-6-6

2-2-3

3-0-3

3-0-3

3-2-4

T4-8 -T7 ,
16-5-18

t

15-10-19

Ww
a
w
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w
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x
c,

ct
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Fourth Quarter
Fifth Quarter -v

,

Sixth Quarter

- ,

..

.

Subject Credit

Quantitative
3-6-5

Analysis 1

Organic Chemistry 1 3-6-6
Stoichiometry 4 -0 -4

Analytic Geometry
3-0-3and Calculus 3 . I,

.

Subject "edit

Quantitative
3-6-5

Analysis 2

Organic Chemistry2 3-6-5
Unit Operations 1 3-3-4
Sociology 2, 3-0-3,

12-15-17

Subject

Instrumental Methods
of Analysis

Organic Chemistry 3
Unit Operations 2
Sociology 3 -

A

Credit

3-6-5

3-6-5

3-6-5

3-0-3

13-12-17

..

..,

12-18-18

C
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Engineering Drawing.--A basic draftifig Bourse designed to
orient the student in lettering, measurements, line work, use-
of instruments, sketching, orthographic projection. Exploratory
work in the areas of dimensioning and notes, sections, auxil- .

iaries and assemblies. Use of catalogs, printed data sheets.

Chemiatry 1.-4 theoretical-treatment of fundamental,.prin-
ciples and laws underlying chemical action, their integration
with,the theories of atomic structure and chemical bonding,
and correlation with the position of the elements on the periodic
chart. Atomic structure, the periodic chart, chemical bonding,
the states of matter, gases, thermo-Nemistry, chemical arith-
metic, with emphasis on structure and energy changes.

Chemiary'2.--A continuation of Chemistry 1 to include
solid and liquid structure, solutions, chemical and physical
equilibrium, introduction to chemical kinetics, voltaic cells,
electrolytic cells, redox, nuclear chemistry.

Chemiatry 3.--First in a sequence of courses to familiar-
ize thetstudent with analytical chemistry in which both quali-
tative analysis and quantitative analysis are integrated.
Theory in solution equilibria and chemical methods of separa-
tion and measurement. The laboratory work in qualitative
chemistry includes the identification,of the more important
cations and anions and-the analysis of mixtures. The i:.a.7:1:1-
tative portion includes gravimetry, neutralimetry, precipiti-
metry, redoximetry and compleximetry.

Quantitative Analyaia 1. - -A continuation of Chemistry 3 with
an emphasis' on the application of physical and chemical theory
to the more important grevimetric, volumetric and elementary
instrumental methdds of analysis. Laboratory Work requires
statistical treatment of analytical data and the practical
application of computer programming for quantitative analysis.

Quantitative Analysis 2.--Instrumental methods of analyt-
ical chemistry, primarily electrochemical methods. Laboratory
experiments in potentiometry, polarography, coulometry, conduct-
imetry, radiochemistry and electrogravimetry. Related technical
report writing.'

Instrumental Methods of Analyeia.-.-Instrumental methods

of analytical chemistry, primarily optical me.thods. Laboratory
work in visible, ultraviolet and infrared spectrophotometry,
chromatography -- column, paper, thin layer, and gas. Chemical
microscopy and emission spectroscopy.

Organic Chemistry 1.--Basic principles of organic cheMistry,
employing the reaction mechanisms and transition state consider-
ations. Structure and reactivity, alkanes, free radicals,
alkenes, carbonium theory,,electrophilic addition, alkynes,
dienes, resonance, elecrophilic aromatic substitutions, arenes,
and alkyl halides;' laboratory stresses basic techniques of
reactions, separations and isolations.

Organic Chemistry 2.--A continuation of the study of
additional classes of organic compounds followed by a study
of tautomerism, stereochemistry, carbohydrates, proteins and
dyes in terms of modern structural theory. Properties are
linked to structure by a study of reaction rates, equilibrium,
transition state and activation energy, reaction mechanisms,
resonance and Orbital theories.

Urganic,Chemietrli 3.--The identification of organic com-,

pOunds by correlation of fundamental properties and the be-
havior of organic compounds with their structures. Preparation
and properties of polymers.

6n
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Stoichiometry.--A first course in chemical engineering
background. Application of chemistry, physics and mathematics
in 'solving engineering problems. Special emphasis on dealing

with material and erfergly balances and the solution of problems.

Unit Operations 1. - -A theoretical treatment of the basic

unit operations of chemical engineering, including fluid flow,
heat transfer, evapofation. Laboratory experimentation is con-

ducted in the above areas using pilot plant size equipment.

Unit Operations 2.--A theoretical treatment.of the basic
unit operations of chemical engineering, including evaporation,
distillation, drying, gas absorption and filtration. Laboratory
experimentation is conducted in the above areas using pilot

plant size equipment.

Algebra and Trigonometry. -- Topics in algebra and trigo-
nometry necessary in technical courses: system of real numbers,

functions in general, graphs of functions, complex numbers,
theory of equations, systems of equations, permutations and
combinations, binomial theorem, as well as exponential, log-.
arithmic and trigonometric functions.

Analytic Geometry and Calculus 1.--Rectangular coordinates
in a plane, the straight line, slope and inclination ecuat'ons
of curves, discussion of a curve, functions and limits, inde-
terminate forms, continuity, the derivative, differentiation of

algebraic functions.

Analytic Geometry and Calculus 2.--Applications of derive-,

tives, maxima and minima, differentials, indefinite integral,
definite integral, applications of definite integral. Area

between curves, volumes by cylindrical washers and shells, length
of plane curve, centroid and second moment of area, moment of

inertia.

Analytic Geometry and Calculus 3.--Integration4by standard
forms, integration by parts, trigonometric substitution,
partial fractions, use of table of integrals, applications of

definite' integrals. Trapezoidal and parabolic approximation,
improper integrals, indeterminate forms, infinite series, ex-

pansion...of functions in series.

Physics 1 (Mechanics). -- Composition and resolution. of vectors,

equilibrium, concurrAnt and nonconcurrent forces, friction,
statics, kinematics and linear motion, projectile motion, cur-

vilinear motion, work and energy.

Physics 2 (Mechanics, Heat and Sound).--Power, impulse and
momentum, oscillatory motion, fluid mechanics, thermometry,
thermal expansion, thermodynamics, change of phase, heat transfer.

Wave motion, intensity and quality bf,sound waves.

Physics 3 (Electricity ant Magnetism; Light).--Coulomb's
0 Law, electric fields, potential energy and potential, DC and AC

circuit's, conduction in solid liquids and gases. Photometry,

geometrical op,

i..

ics, refraction and reflection, nature of light.

Sociolog 1.--Sociologcal facts and principles dealing with

the scientific study of human relationships. Emphasis on analysis

and study of culture and human society, socialization, grout

and group structure.
.

Sociology 2.=-StrAtification, collective behavior patterns

and the various social institutions including-associations, the .

family, and education. The application of sociological principles

relating to the agents of social change.

Sociology 3.--The structure of the aggregates of population,
minority groupings, lime and delinquency, and majochanges in
technology, urbanism and political Structures as they relate to

man.
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CHAPTER 4

MATHEMATICS AND PHYSICAL SCIENCE IN ASSOCIATE

DEGREE ENGINEERING TECHNOLOGY CURRICULA:

A STUDY OF TOPIC COVERAGE IN

all SELECTED COURSES

This paper describes some characteristics of the mathematics,

chemistry, and physics courses taught in institutions which offer

associate degree engineering technology curricula. It gives some

insights into the topics included in syllabuses for sip courses

and the relative emphasis placed on each topic by certain institu-

tions chosen as illustrative examples. Where possible,1 inferences

are drawn about factors which may be relfted to various differences

discovered in topic coverage practice. 1

Procedures and Sample

Data for this study were collected by several'means: personal

visits by the writer to 24 institutions which offer associate degree

engineering technology curricula; concomitant interviews with faculty

members at these institutions; examination of catalogs and other

institutio?r..1 publications; and a series of `questionnaires completed

by faculty members teaching the courses which were the subjects of

this investigation. The visits, interviews and document examination

provided general information about the nature of these courses, the

facilities provided for them, and the institutional philosophies re-

lated to them. The questionnaires sbught to elicit information about

the relative emphasis given to various topics in the syllabus for

each course.
11,

The 24 institutions which constituted the sampleSwere selected

from all geographic regions of the country and were equally repre-

sentative of monotechnical institutes (institutions offering engi-

neering technology curricula only), potytechnical institutes (insti-

tutions offering a variety of technical programs, heal514-business-,

and other- related, as well as engineering technology), and compre-

hensive community colleges (institutions offering transfer, technical

and adult education programs). The sample contained both institutions

with one or more curricula accredited by ECPD and institutions with

curricula not so accredited.

All institutions in the sample supplied catalog and document

data; not all, however, responded to the questionnaires. In addition,
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some questionnaires were incomplete or late and were not included

in the-analysis. Furthermore, not all institutions offered a chem-

istry course, which further'reduced the data base in that area. The

limited data base, however, is not considered a serious defect, since

the purpose of this study is to illustrate--rather than to define- -

practices in the presentation of mathematics and physical science

in engineering technology curricula.

The investigation was limitedto mathematics, chemistry, and

physics subjects; the questionna res related io each of these area

are reproduced in Appendices B and ,D, respectively., Faculty 'I

members indicated,, in completing the questionnaires, the-extent of

topic coverage for various topics on a five-point scale, as follows:

A. Not Covered 4

B. Introduced Only

C. Brief Discussion

D. Covered in Some Depth

E. 'Covered in Detail

The.choice of a sybjective measure of topic overage was deliberately

made. Alternative techniques, which might have' involved "rime in

class," "percent of total course," or similar pseudo - quantitative

measurements, were deemed to be cumbersol and impractical in light

of the resources available for subsequent, analysis and.the limited

goals of the investigation.

Findings, are reported separately fdr mathematics, chemistry,

and physics. Details are given in tables appearing later in the

report. In these tables, entries under the heading, Frequency of

Response, Coverage Given represent the numbers of times which A,

B, C, D, and E, respectively, were checked by the faculty members

who responded to the questionnaire. Numbers in columns headed

Item Score are obtained by first multiplying each frequency by an

appropriate weighting factor (arbitrarily chosen here as 0 for A,
6

1 for B, 2 for C, 3 for D, and 4 for E), then summing these products,

and finally dividing this sum by the total of the frequencies.

That is,

S =

E f .w

N

i = A,B,...,E

where S=the item score, fi=a given frequency, wi=the weighting

factor, andN=Ifi=the total frequency. The item score, S, thus

represents a crude measure of the average relative emphasis given

to each topic.

The value of S for a particular topic could conceivably range

from 0 (no institution includes the topic) to 4.0 (all institutions
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cover the topic in detail)'; actual S values are expected to ranO

less widely. It-was judged sufficiently descriptive here to regard

topics with an itemscore of 1.3 or lower as ones generally receiving

Attie or no emphasis, topics with-scores DI the range from 1.4

through 2.7 as receiving "moderate" emphasis, and topics with item

scores of 2.8 and above as receiving"substantial" emphasis. The

Rellative Emphasis' columns in the data tables indicate the topics

which apicar to receive moderate (*) and substantial (**) emphasis

in associate degree engineering technology programs.

Finally, the data tables will indicate--in instances where

approciable differences appear to exist--whether technical colleges

(T) or comprehensive community colleges (C) give the greater relative

emphasis to a particular topic. Entries are made under a column

headed Emphasis Difference. To obtain data for this column, item

scores were separately computed for the technical colleges and the

community colleges in the sample. These scores were compared and

if they differed by more than 1.0, the appropriate symbol, T or C,

was entered in the table to indicate which item score was greater.

I
MATHEMATICS r

P

All associate degree engineering technology curricula contain

courses in mathematics. yin effort has been made here to identify

the general characteristics of such courses by studying a small

sample. The results of the study are presented in the following

sections.

Nature of the Sample

The mathematics courses at 17 institutions were included in

the analysis. Three other institutions submitted questionnaires,

but these responses were late or incomplete and had to be rejected.

The 17 institutions subMitting usable data had a national distrii-
-

bution geographically and consisted of 9 technical colleges (mono-

t4chnical institutes and polytechnical institutes as defined else-

where) and 8 comprehensive community colleges; 11 of these instit-

utions had one or more curricula accredited by the Engineers' Council i

for Professional DevelopMent and 6 did not. The 'sample is reason-gbly

representative by region and institutional type, but is slightly

biased in favor,of institutions with ECPD-accredited curricula.

-\

General Observations

Most often, the mathematics sequence at the institutions in

the sample appeared as a series of three courses each carrying 3

6 7
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semester credits (5 quarter credits for institutions pn a quarter-

based calenc4r). Some var ations in this pattern were discovered,

including sequences such s 3-3, 4-4-43-- 5-5-2, 4-3-3, and Others. ,

In general, _the course titles associated with sequences of three

courses' were Algebra, Trigonometry, and Elements of Calculus, or

similar titles; as might be expected, considerable variation among

institutions was noted. The catalog descriptions ?f these courses

frequently implied that the courses in the sequence--especially

Elements of Calculus were open to engineering technology students

only. The catalogs ,#lso frequently implied that certain mimimum

prerequisites had to be met for enrollment into the first course ,

in the..sequence; in most cases, remedial courses were offered, with-

out credit, for the benefit of students who lacked such prerequisites.

Topic Coverage

The questionnaire related to topic coverage in mathematics-

(Appendix B) contained 466 items in 56 concept areas. Table 15

gives data on the relative emphasis given to these topics, as re-

ported by the respondents.

It can be noted from the table that many topic's were perceived

to receive only limited treatment, if any. Topic coverage practices

did not vary appreciably between technical colleges and .compre:

hensive community. colleges; significant differences in item scores

(see definition supra) were 'detected for only 23 items out of the

466, a mere 5 percent. Where communi college responses gave item

scores which exceeded those of the echnical colleges (10 cases),

the items were in general related to fundamental theoretical con-

cepts; where technical colleges had the larger item scores (13 cases),

-the,items almost always were related to special applications of

certain concepts.

Comments

It is interesting. to examine the relative emphasis reported as

given to each of the 56 major concept areas included in the question-

naire. Table 16 lists relade emphasis by concept area and by

course with which the concept is usually associated. The table was

,constructed by noting the frequency with which items receiving

moderate or substantial emphasis appeared in each concept area and

evaluating the concept area appropriately. This table effectively

summarizes the course syllabuses of mathematics courses currently

being taught. It could serve (1) as a crude model for the dlyelop

ment of courses Iv institutions considering inauguration of engi-

neering technology curricula and (2) as a criterion against which

6 c'
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. TONLE 15.--Coverage Given to Selected Tonics in the Mathematics Course Sequence Intended for Students
' in Associate Degrie Engineering Programs. **

Item

No

Topic, by Concept Area

1 The Number Systems of
Algebra

1 Sets
2 The natural numbers .

3 de The real-number syskele

The Fundamental Operations
4 The relation of equality
5 Addition of monomials and

polynomials
6 Subtractia6 of monomials

and polynomials.
7 Axioms and theorems of

multiplication
8 Law of signs for ulti-

plication
9 Law of exponents in multi-

plication
10 Multiplication of two or

more expressions
11 Division of algebraic

' expressions 0
a SpacsaL Products and Facto Ing

12 The prpduc of two b i noon a s

13 The product of two fri nomia s
14 The square of a polynomial
15

16 Factors of a quad

trinomial _

17 Trinomials that are perfect

. squares o

18 Factors ore binomial
19 .Common factors 4111

20 Factoring by grouping
71 Difference of tdo squares

4 Practtons
22 Conversion of fractions
23 Multiplication of fractions
24 Divisfon of fractions r
25 The lowest common

dOn0O1patOr
26 Addition of fractiops
27 Complex fractions

5 Exponents and Radicals
28 Nonnegative integral

exponents
29 Negative integral

exponents
30 Roots of numbers
31 Rational exponents
32 Conversion of exponential

expressions
33 The product and quotient.

of two radicals
34 Rationalizing monomial

denominators
35 /hanging the order of a

radical
36 Addition of radicals
37 Additional operations

involving radlcfls

6 Ltnar and Fraots anal Equats on
38 frouivalent equations
39 Linear equations in one unknown
40 Fractional equations
41 *Solving stated problems

/ Quadrat.: Equations
42 Solution by factoring
43 Solution by completing the*

square
44 Complex numbers
45 The quadratic formula
46 Equations in quadratic form
47 Equations that involve

radicals of the second order
48 Problems that lead to

quadratic equations
49 Nature of the roots
50 The suss and product of the

roots

51 Factors of a quadratic
trinomial

8 Funot,ions and 5raphs
52 Ordered pairs of numbers
53 Functions
54 Functional notation A

a SS Relations
56 The ',rectangular coordinate

A. vote.
57 T9e graph of a function
58 The inverse of a function

Frequency of "ResponsTh
Topic Coverage Item Relative

Scare Emphasis Difference

a

Emphasis

A ,8 C D E

9 1 5

5 2 6

1

2

1

2

1.1

1.6 t

4 1 6 2 4 2 1

1 1 =2 7' 6 2 9

4
2 0 ". 3 4 8 2 9

2 0 .3 4 8 2 9 .

2 . 1 4 3 7 2 7

2 0 5 2 8 2..81:0....,

3 0 2 3 9 2 Tab,

2 0 2 4 9 3 1 In*

2 0 3 3' 9 3 0 *
1 0 2 3 11 3 4 0,111

3 3 5 5 3 1

2 3 5 7 o 2 9
1 2 2 12 3 4 ID*

2 2 2 9 2 8

2 3 2 19 3 1
0,111

2 2 2 11 3 2
1 3 1 12 3 4 ID*

1

2

3

3

6

2

7

10
ArL.: *ID

1111.

1 0 3 2 11 3 3

1 0 3 3 4

1 0 3 12 3 4

2 10 3 0tl

1 1 11 3 2

1 _1 7 3 1
It

0 0 1 4 12 3 6

0 0 1 5 11 3 5 to*

0 0 1 3 13 3 6
0 0 1 4 12 3 5 ID*

1 0 ' 1 4 11 3 4
a

0 0 2 2 13 3 6

1 0 1 4 11 3 6

0 0 3 5 9. 3 4

0 0 2 5 10 3 5

1 0 4 5 7 3 0

0 0 3 5 9 3 4

0 0 0 6 11 3 6

0 d" 0 4 13 3 8
0 0 0 '6 IL 3 6

0 0 0 6 11 3 6

a

0 0 1 o 11 3 6

0 1' 4 5 7 3 0
0 0 1 3 13 3 7

0 0 1 4 12 3 6

0 0 2 6 9 3 4

0 0 2 7 8 3 4

1 1 5 8 2 2 5

2 2 7 6 0 2 0

1 3 1 7 5 2 7

3 0 .2 7 4 2 4
1 0 3 8 5 2.4
1 0 3 8 5 2 4
3 1 3 5 4 2 4

0 0 0

0 . 0 0

4

7

13

10

3 8

3 6
44

1 3 2 7 4 2 5
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Itet

No

-Topic, by Concept Area

Frequency of Response,

Topic Coverage Item

Score

Relative

Emphasis

Emphasis,

Difference
A B C D

A
60

61

,62

63

0.4

65

66

67

68

69

70

71

72

73

74

75

76

77 78

79

it 80

81

82

83

" 84

85 e

86

i78

89

90

91

92

93

° 94

95

96

97

98

91

100

101

102

103

104

105

106

107

108

109°

110

111

112

113

114

115

116

117

1,18

119

120

121
9,

P\Tryst.ma of lquattona,

Equations in twa variables

Graphs of equations in two
variables ,

Graph of a quadratic equation
in two variables

Graph of,a linear equation in

4 two variables

Graphical solution of a

system of. equations

Covietent, inconsistent,
and dependent equations

Algebraic methods of

solution, system of equation
Elimination by addition or

subtraction

Elimination by substitution
Elimination by a combination

of addition or subtraction

and substitution

Symmetric equations
Problems leading to systems

of equations
Problems solvable by means of

simultaneous quadratics

23 Elementaly :,etermtranta wtth

App!tcalttors

Determinants of the second order
Solution of a system of two
linear equations

Systems of three ilnear

equations

Determinants of 'the third

order

Solution of a system of

three linear equations

.7,mp!ez Numere

Definitions
'Fundamental operations' on

complex' numbers

Geometrical represeOtation
Geometric addition and

fuirtraction
Peter representation --\

The product of two comOtZ'
numbers in polar form

The quotient of two complex
numbers in polar form,.

Be Noivre's theorem
Roots of complex numbers

2s trcgher-Degree Eqaa t tons

C, Rational - Integral equations

The remainder theorem
Factor theorem and its converse

Synthetic division

Grabh of a polynomial
Locating the roots

NumIer of Roots
Bounds of the real roots

Rational roots of a

Polynomial equation
The depressed equation

Process of obtaining all

rational root;
Descartes's rile of signs

,Imaginary roots

nyrational roots 10 successive
magnification
Trgisformation clean equation to

detrease its roots

Corner's method for determining

irrational roots

Identical polynomials
The Cubic equation

The quartic equation.

IS Inequaltttts
Definitiolls, fundamental

r" axioms, and theorems
Conditional inequalitigs

14 Ratio, Proportion, and
Vartatton

r
Ratio (

Proportion

Variation

14 Lopart t hr.*

Definitions
ut.

Properties of logarithmt*

Approximations
Scientific notation

Common, Or 'Sri ggs , Logarithms

Characteristic and mantissa

Use of tables to obtain the

mantissa

Use of tablet to find N when
log N is given .

Logarithmic computation
Logarithms to bases other

than 10

Exponential and logarithmit

equations
The graphs of log ax and of

a x

0

) ,

2

1

2

3

1

1

1

'

5

2

1

0

0

1

1

1

3
3

5

5

3

4

4

-6

5

5

4

3

3

4

3

8

6

B

6

9

3

11

11

14

..13

10

11

4

4

3

3

4

2

2

4

3

2

2

2

2

2

3

3

2

1

1

1

1

Co

1

2

1

.1

0

'.

0

1

0

1

1

0

1

0

0

0

2^

0

0

2

1

1

2

1

3

2

2

1

0

0

0

0

2

0

1

1

1

1

3

2

0

3

2

2

2

1

0

0

,-

1

2

0

0
0

0

4

0

1

1

1

4

2

4

2

4

4

3

4

1

1

0

0

0

1

1

0

0

5

5

4

2

2

2-

2

3

1

1

3

6

2

2

2

0

I

4

3

4

4

1

1

0

0

0

3

0,

0

Q

0

6

0

4

1

2

5

6

8

3

4

6

4

6

6

6

6

7

9

a,

6

5

5

6

4

3

4

3

3

3

3

4

5 _1(

5

4

5

6

7

6

8

4

7

3

5

1

7

2

2

1

2

2

3^

- 4

2

6

6

6

5

7

6

6

6

4

6

6

10

7 '

8

6

10

9

7

12

10

4

11

9

9

9

0

6

3

7

BIN

6

6

7

8

8

7

1

7

5

6

2

3

4

4

5

5

3

1

2

2

2

1

1

0

0

0

0

1

0

4

5

6

6

7

10

B

4

8

9

11

9

9

5

3.

6

6

3 5

3 2

3 1

3 4

3 2

2 5

3 4

3 3

3 3

3 3

1 6

2 9

2 8

3 1

3 1

2 8

2 8

2 8

2 5

2 6

2 4

5

2.4

2 4

2 4

1 9

2 3

1 9

2 0

2 3

2 4

2 6

2 5

2 4

1 4

1 9

1,3

61 8
1 1

1 9

7

7

3

5

1 1

9

2 2

2 1

oz e
2 6

2 7

3 2

3 1

2 4

2 9

3 2

3 3

3 2

3 4

2 8

2 4

2 g

2 8

tbs.,

1,11

fr.

Z:

4
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C
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. Item

No

Topic, by Concept Area
Frequency of Response,

, Topic Coverage Item

Score

Relative

Emphasis
A B C. . D E

16 Progr..iston,

122 Definition of progressions 5 3 2 4 3 1 8

123 Arithmetic progressions 5 3 2 4 3 1 8

124 Last term of on efithmetic
progression 5 1 2 3 4 1 9

125 Sum*of an arithmetic

progression 5 3 2 3 4 I 9

126 Simultaneous use of the

formulas for 1 and $ 6 2 2 4 3 1 8

127 Arithmetic means 6 1 4 3 3 1 8

128

129

Geometric progressions r 5

Last term of a geomqtric

1 3 5 , 3 2 6

a

progression 5 1 ' 3 4 2 1 'r

130 Sum of a geometric ,

, progression 5 2 2 .4 4 2 0

131 Simultaneous use of.the
'3

.

'formulas for 1 end s 5 2 4 '8 1 8

132 Geometric means 9 4 3 3 1 1 4

133 Infinite geometric
progressions 7 1 4 1 4 1 7

134 Harmonic progressions 9 0 5 3 0 1 1 4P1k4

17 Maehemat,saal :ndudtson

135 'Method of mathematical

induction 11 2 2 1 1 8

;a Th. Btncmta: Theorem '10136 The binomial formula 3 3 4 3 1 9

137 The rth term of the
binomial formula 6 3 4 2 1 5

138 Proof of the binomial

.2

formula 10 2 2 1 2 9

139 Binomial theorem for
fractional and negative

exponents 8 2 4 2 1 2

.9 Permt. t at tons and _omttrat ions

140 Definitions .12 3 2 0 7

141 The fundamental principle 12 '3 2 0 7

142 Permutations of n.different

elements taken r at a time 12 0 3 2 0 7

743 Permutations of n elements
not all different 12 2 2 0

144 Cyclic permutations 14 2 1 0 0 2

145 Combinations 12 2 1 1

146 The sum of certain

combinations 12 2 1 I

Fr:catt..::

147 Mathematical probability 0 4 0 2 1 0

148 Empirical- probability 0 4 2 1 0

149 Mathematical expectation, I 3 0 2 9

150 Mutually exclusive events 1 3 0 2 9

151 Independent events 1 3 0 2 9

152 Dependent events 1 3 0 2 9

153 Repeated trials of an event 1 3 C. 2
9.

2: Letarmi..onts .1 :rder V

154 Inversions 10 1 3' 1 2 1 1

155 Detereants of order n 7 3 1 2 1

34156 Mi no of a determinant 7 r 2 3 2 1

157 Properties of determinants 'a 7 4 3 1 2 2

158 Sfeplificatfon of a

determinants 7 4 1 2 2 1 2

159 Systems of linear equations
7

4 2 2 2 1 3

60 Matrices 10 1 2 1 3 1 2

22 Part.o. Fr--. -no
61 Definitions and theorems 13 0 2 1 1 6

62 Distinct linear factors 13 0 2 1 1 6

63

64

Repeated linear factors 13

Distinct quadratic factors 13

0 2

0 2 11 f 6

6

65 Repeated quadratic factors 13 0 2 1 1 6

2 .3 'he 71....1,:,,,,tr., ',..- 7 : ,,... 1

6166 Directed segments 4 0 0 7. 6

lir The distance formula 0 0 7

ill;168 Trigonometric angles 13 0 0 5 9

162 Standard position of an C

'mile ..., 1 0 0 5 11 3 5

170 Definitions of the

trigonometric functions 0 0 0 S 12 3 7

171 Given one function, find the

other functions 1 0 0 5 11 3

Punf.xtu.s

.4r A
(.1

1172 Trigongmetric functilons of

an acute angle

0 0 4 12 3 5

173 CoFunctions 1 0 4.4. 6 9 3 3

174 Variation of the functions

of an acute angle 1 0 0 5 11 3 5

175 The trigonometric functions

of 306, 45°, 50° 1 0 0 3 13 3 6

176 Tables of trigonometric

functions 1 0 0 4 12 3 5

177 Interpolation 1 0 1 5 10 3

178 Approximations and

.significant figures 2 0 2 5 8 3

179 The solution of right

triangles 1 0 0 4 T2 3 5

180 Angles of elevation and

depression 1 0 1 5 10 3 4

ti

Emphasis

Difference

.1
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. Item

No

Topic, by Concept Area

Frequency of Response,

Topic Coverage Item

Score

Relative

Emphasis

emphasis

Difference
A \BC1:1E

181

182

183

184

185

186

187

188

189

190

il
192

193

194

195

196

197

198

199

200'

201

202

203

204

205

206

207

208

209

210

211

232

213

214

215

216

212

218

219

220

221

222

223

224

225

226

227

228

229

230

231

25 Trtgonowarrtc identttLes ,

The fundamental relations

, Algebraic Operations
Identities and conditional

equations
Trigonometric identities

ye ',. ! 4 !1:11 inv..
Related angles

Reduction to fubctions of

an acute angle
Trigonometric functions

of negative angles

27 .ad, an Me as .re

The Radian
Radians and degrees

Length of a circular arc
Trigonometric functions of

numbers

Linear and angular velocity

Li .:r,phe ,f tie Trtvm,me:rec

Punt:: .,, I

Periodic functions
Variations of the sine and
cosine -.

Variation of the tangent

Graphs of the trigoncNetric
functions

Li Funct__0 :, 7%.i., 4..3.en

Function; of the sum of

two angles ,

Sin to ' 6) and Cos (A ,.. 8)

Tan (A 8)

Sin (A - B), Cos (A - 8). and
Tin (A - 8)

Reduction of a Sin 8 b Cos

8 to K Sin (8.4)

Double-angle formulas

Half-angle formulas

Product to sum formulas, sum

to product fo ulas

7r1g,nometrtz 4kats,ns
Trigonometric quitions

Solving a trig noPetric

equation

.1. ;raph.ca: Mathcda
'me Graph of y a Sin be

The Graph of y a Sin (be c)

The Graph of y Sin^ x

Sketching curves by

composition
The graph of y 4 Sin A b

Cos x

32 :A. Y. :f :re an, ea

Solution of right triangles
Vectors

The law of sines
r

Application.. 5AA

The ambiguous case SSA

The law of Cosines
Applications SAS and SSS
The Area of 4 triangle

33 Inward. Tr% po m :me : rt. C 1.1e, t t , no

Inverse trigonOmetric

functions

Principal values of the
inverse trigonometric

functions

Operations involving inverse
trigonometric functions

Inverse functions

34 :,pedal Toptca

The circular functions

Circular and exponential
functions

Solving oblique triangles
SAS and SSS

The law of tangents

Applications of the law of
tangents SAS

The half -angle formulas

Applications of the half
angle formulist SSS
The mil as a unit of

angular measure

1

1

2

1

1

1

1

0

0

0

1

1

0

0

0

0

1

1

1

3

1

1

6

or
0

I

1

7

5

4

5

2

1

0

2

4

0

2

3

2

2

3

2

7

7 4

4

9

10

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

0,

0

1

0

0

0

0

0

1

0

0

0

0

0

Q

0

0

1

0

0

0

1

1

1

1

1

1

...C'.

1

1

0

0

1

0

1

1

0

0

0

0

3

3

1

.

1

3

1

1

1

3

3

4

5

5

3

0

0

2

2

3

4

3

0

1

0

1

2

2

1

0

1

3

3

3

3

4

2

2

2

4

2

3

6

10

8

11

7

5
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Item

No

Topic, by Concept Area

-I"-

Frequency of Response,
Topic Coverage

A BC DE
Item Relative , Emphasis
Score a Piphasis Differencs

55 :oordtnates and Ltnee
232 Number system 3 0 1 6 2 8

233 Rectangular coordinates 1 0 0 10 3
234 Distance between two points 2 0 0 10 2 8 44:2
235 Point on the line joining

two points 3 0 1 6 , 2 9 fr.
236 Area of a triangle 3 0 2 .7 2 8

237 Inclination aqd slope 1 0 0 12 3 5
22

238 Parallel and perpendicular
lines 2 0 0 10 3 2 .

239 Angle between two, lines 4 1 3 8 2 5

240 The locus of a point 4 0 1 7 29 f.

241 Equation of a straight line 2 0 0 11 3 3 7

242 Standard equation of lines IL 0 0 10 3 1 ..
243 Intersection of lines 2 '0 0 10 3 2

244 Distance from a line to a
point 1 0 2 4 2 4

24t Family of lines 1 2 2 4 2 2

246 Line through the inter-
section of two lines 1 2 5 2 5

.50 rar,a!,:,s, F.,1:17.ns, .rd

L.,...cs

247 Rate of change 2 0 0 8 7 3 1

248 The concept of area 1 0 11 5 3 1

249 Constants and variables 11 7 8 7 3 2

250 Functions 1 0 1 8 7 3 2

2 Limit of a function 1 0 0 11 5 3 1

252 COntinuity 2 0 2 1, 2 2 Et
253 Infinity

2

2 11 2 2
6' m

254 Limit of a sequence

ner

4 2
1 5 6 3 2 4

255 Increments 6 10 2 8 1,0

256 Derivative 0 5 1' 2 9 1,0

267 Derivatives of powers of x 3 13 3 6

258 Slop of a curve 0 5 11 3 5 e
259 velocity and acceleration 0, 6 '0 3 A

Sr

260 Maxima and Minima S 5 1, 3 5

261 Critical points 5 8 3 2

262 Higher derivatives 1 6 8 3

263 Points of inflection.

concavity 0 8 9 3 2
22

264 Applications of Maxima

265

And minima

Differentials 3 0

0

2

5

8 1

3 5

2 6

266 apprpalnat,OnS and
errors 3 4 6 3 2 3 r
-, c egn is -- A . p.ec Fp: E.- ._r

267 a.t,difierentlition 1

5 9

3 3

268 Integration of powers 0 4 12 3 5

269 Constant of integration S 7 9 3 4 22

270 0ifforential of area 0 3 6 8 3 3
.

271 area as an integral ' j 9 3 4

272 Calculation of areas D 6 9 3 3

273 Area as a 11.1t 2 0 1 8 6 2 9

274 Definite integrals i 0 8 8 3 3

275 Fundamental theorem 3 ^ 6 6 2 2 2

276 Plane areas in rectang,'ar
' coordinates 2 54 1 7 3 3

277 Volues of solids of

revolution 3 3 3 6 2 6

a

2'8 Moment of mass. centrals 6 2 ' 6 2 0

279 Central/ of a plane area 5 * 5 3 2 1

280 0entrold of a solid of

revolution 7 5 ' 2 1 6 r
281 Moment of inertia 4 4 6 3 2 1

282 Rad,,S of gyration 5. 4 5 3 2 1

283 Moment of inertia of an area 6 4 4 3 i 9

284 Moment of inertia of a sand
of revolution 4 7 3

c
2 7

285 Fluid pressure 2 5 2 1 6
286 wort .2 7 3 2 0

ff fre,a
,s (-

287 Formal as for differentiation
288 0' ft,ent'aton of ,mplicit

functions 2 2 4

A

2 2

* 1.;wee

289 The graph of an equation 2 0 2 9
290 Equations of the second

degree 2 114). 0 7 7 2 9
291 The circle 3 0 6 8 2 9

292 Circle determined by three
conditions 0 3 7 4

2 !
293, Radical axis

. 3

6 14

294 he parabola
' 3 0 0 8 6 2 5

295 Another constr,ct'on df a

Parabola - 5 2 7 2 i ' 2

296 General equations of a

Parabola 1 2 6 f 7 2 6

297 Parabola's determined Cy three
conditions 4 1 6 2 1 5

298 The ellipse 5 0 5 7 2 6

299 Another construction of an
ellipse

3 5 2 2

sJ
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Item

MO

Topic, by Concept Area

Frequtncy of Response,

Topic Coverage

A BC D E

Item

Score

Relative

Emphasis

Emphasis

Difference

300 General of an

ellipse 2 1 1 6 7 2 5
t 7

301

302

Ellipses deteruined by four

conditions .0 2 4

The hyperbola 2 1 0

6

6

1

8

1

3

9

0

303 Asymptotes 2 1 3 4 7 2 8

304 General equations of 4

hyperbola 2 1 1 6 7 2 9

305 Hyperbolas determined oy four

conditions 5 2 4 5 1 1 7

306 Translation of axeS 7 0 2 4 4 1 9

307 Rotation of axes 9 1
1 1

1 1

308

309

Line tangent to a conic 10

Poles ano 401ars 21f

2

8 6

1 3

12

1

1

2

1

310 Tangents to a COn1C 7 2 2
5

;0 :.ffere,s atts pf
,04-esa. =yr., _..0

311 Transcendental ',notions 2 : 2 i 2 8

312 Properties of trigonometric
',fictions 2 47 4 2 E

313 .1t of on Di/G 3 r '
2 4

3,4 Geri retires of trigonowetric

',notions I : 8 6 2 3

31E Aropertes of inverse
trigonometric fivnctions 3 a 2 4

316 :eri4at'ves of inverse

trigonometric f..4t'OnS S 3 i 4 2 2

317 6;00nenta' and 'OgSn'tnICC
..,:t'OnS 6 2 6

.318 Der ratites of tgar trmit .

f,net ors 3
2 4 2 E

CO :ern atires 0' expo ret a

',ructions 2 2 4 2 E

32: 7..meaty and 4V0Icat,,s 4 4 2 6

7- - r._ ..... -4,

..,..,...e, 7.,, ."-- ,:e

32 Parametric represertat'or

322 Der'vatves r tarawetr: 'Ptn
_323 7. fa,erta o' Art 'erg t

324 rra:.re 9

325 ir:1e o' c.rvat,re '2 6

326 ener 0' P...riatre 12 6

32,7 401.tes 2 5

328 error s neto0 , 2 6

229 'ire-rates E 2 8

330 :4Y' rear mot s' 4. 9

31' -angentla' and .0r.ka.

00+00neets 0' atte'ere:.:, 4 2 :

332 4,1,,'ar we's0ty ad

acce.erati00 4 2 2

= 2,- :__,...,:ce

333 O0 a- :oordinates 4 C

334 -00.s o' a oclar ec,at ,.
2 2

235 ,,tersection 0 DO.d, c,rres 2

336

,2

41-g le between toe aP.,s vePt0r

vie tangent . "2 2 2

3.37 'Terertia1 0. arc

:,.. ,reraise '2 4

Pal'cal and transverse
components of *e.70t,ty a

and alliglition

4
i

34:

341

342

343

.211

346

346

347

348

349

36:

35'

352

3-53

354

355

356

357

358

259

4-

.'sits

R011e s tnecree

_an tr re meat

:achy s t!"4044

.reatment of iniieterwiats
forms

Grab s of c,rves in

rectangular coordirates

Colto,e asymptotes
detsimired by inspept'04

APAAPtotes to an algetra't
.Ji4

Sing.la rents of algeba,P
,vies

Ev.eary 0' _,rte trapi,-9

-:;-;1 r

40r.plas of integratidr

IrtegratIon of powers

integration'of exponent's'

f,nctions
Integration of leigonoeetr`P

-:=eltions 0, ,1'9-

Integrals

inteora's
giving inverse

.ige.peetic ',ructions
Addnietional '0,,Was Of

i tgration
rep integre s1 r:

Integrjaion by parts

4.0ebraic substittions

17

'i

"lit°

2

6

78

4

4

6

6 1

6 2

6

6 3'

4

3

2

3

4

2

2

9

6

2

4

4

4

3

3

0

2 7

5

2

2 6

2 3

9

?

9

9

.
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Item 0 2opic. by Concept Area
Mo

Frequency of Response,
Topic CoverageABfOE Item

Score

Relatike

Emphas's
Emphasis

Difference

3bu TrIgonosetric suostltutiors 5 3 5 3 2 0
361 Integration of rational

fractions
8 1 1 3 a 1 6

362 Miscellaneous substitutions 9 2 3 1 *2 1 .

363 Use of Integration tabits 3 a 3 3 a 2 3
364 Approxlmete 1ntegrat'on

5 a 3 2 3 1 6
365 Trapezoidal rule 6 2 3 3 3 1 7
366 Simpson s Pole a , 3 3 2 1 3
367 Area 'n polar coordinates 3 3 2 1 9
368 Sengtn of a plane carte 9 t 2 3 ' 1

369 Centrold and women: of
rertsa of arC 9 2 3 3 ' 2

370 Area of a surface of
revolution

7 3 3 6
371 101,14es a' sc'los with

known cross sec.:1ov
2 3 a 9

37e Average rake
6 2 a 2

4. .!.,.:e ..,..el
-373 3eoences and seems 9 3 2 2
674 ConsVrgent and o'kergert

scrips
2

375 Treorees on aortergente '2 2 2
376 7..., integral test '3
377 -T.D.oar'sOn tests '2
376 Pat c 'est '2 2

379 A'terratrg series 13
2 a

380 Atsa'.te and cord
coniergerce

c
38. ;.war seems

2 2

282

383

0

384

aas

386

387

macla.r's s series 10

Algeora'a operat'ons wtr
power seems

0."erentat'or arc
.ntegrat'or of . ,

4;:roxleatibn '3 'RI;al .3" 'e5
'roe power

'ay.or s series

s treores 2 2

4

3,.:-_.3;t :re
388 1-1e''...t'ons o' t,e Ryperto .3

at'ors
389 Itert.l'es nvo,k1rg

.y.perbo,.c 'arat'ons '2

.-.' 393 Oerratles and rtegra 5

0' "ipeApl`c f.,,.:t'dAs '2 2

39. The rwerse ^yperbOl':
f,-ct,:nS '2 2

332 # :ervatves a' ore ',verse
hyper:01'1 ....rt,ors 2 2

-,.3.: ,,*era s ead.r9 to 'rerse
,Pero;''_ '.,r.at.sr3 2 2

,394 ;:,.e 4!,..-,-s aetweer

t '' 9orometr.; a-1 pets: .

'.....3t.ors 2

c35 ;eowet.: 'rtera-etat.on or
Ty;erto1 3 f.nct.ars 2

4e.afarg. a 3:ordrate.
39' 2..sfarae tet eer two po'rtq
398 or the ,re So.-3

two oorts
:39 sf a '-e
a;: Ara t tetweer l'res
4 : : .s pf a PS, "t spa:: e

4:2 io.at or o' a r are
a:3 sP,sa eo,at cr a' a ; are

4:4 ; a-es letermIred Sy t-tee

3ord.t.crs
4:6 23.at ors a' a "re
4:6 lyeettr.: es,at,r. ' s' a

-e
407 2o.at'or 3, a s..-'43e

4sa s.,,a3es

rs,,t ons two ,metre
.1-ao cc

a'3 Cart.r,.ty

61-tva derwa' tes
a 2 eoetttl; .rteraretat'or

ce derntat..e,

4'3 61-tal ler.rat.tts Or
r.g6er arler

4'4 Ir3-eeert a^d t:tai

1'"ertnt'a' 0. a f.,:tS0,
4 . 5 Ao; rox ea t Ora G. err-ars

1'6
Tote' CP,Iwit,reS

i7 Chu, rule for a

derivatives

a'8 Differv.t'at.or 'w;1.3.t

'4nct'ers

'angert l're and np,T6 vars. tc

a :Jr., 4

42j Moreai ,,se and tagent ;lane to

a s.rfapp 4

a?' Mao'e4 iM Mlri.,
422 11'" teerertiat'or 0, a te'.r.

rtepra' It 7

a23 Taylor s seres for ..irsors o'
two rar'ables '6

a29 S.1"13ient 3ond'tion 'or a

SIOR,' 1- ,s4P.JO la 2

02

2
4

2 2 6

2 2 3

2 2 9

2 2

2

2

2 6

5

4
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I tee
No

Topic, by Concept Area

Aa Mu:tsp!. 14:4grras
425 Double integrals

426 Iterated integrals
427 Iterated integrals in

rectangular coordinates

428 Plane areas by double

integration
429 ,Centroid and moment of

inertia of a plane area
430 Iterated integrals in

Polar coordinates
431" Plane areas in polar

Coordinates

432 Volumes by doubie
integratiog

433 Volumes in cyTlndrical

coordinates
434 Areas of curved surfaCes
435 Triple Integrals

436 Iterated integrals
437 Iterated triple integrals

in rectangular coordinates

438 Volutes by triple

integration

439 Center of gravity and moment
of inertia of a sOl'I

440 Triple integrals in
cylindrical coordinates

441 'rip,/ integrals in sonerice
coordinates

ran a -- 4s
442 Sol,tio4s Of di,,erertial

eo,ations
443 01,ferential eo.ations of

first order and first degree
444 Exact differential equators
445 Linelr ecuations of the first

order
446 Equations reducible to linear

equations
447 Second order eo,ationstre-

duclble to first order
448 Applications of first order

differential equations
449 Linear differentia, eouations

Of order n
450 omogeneous equations votb

constant coefficients
451 bonhomogemeous eouations

witn constant coefficients

452 Applications of linear
differential eouations

4! ,t,12^ .42....;*

453 Addition of lectors
454 Scalar n,Itiplication of

Vectors

455 lector multiplication of

Vectors ,

456 Scalar triple product
457 Vector triple product
458 Der;Ivative of a vector

459 The gradient

460 '4e divergence II

461 14e curl of rotation

462 Summary of Vector
dif,erentietion

463 Lint Integrals
464 Surface integrals

465 Divergence tneo.ree

466 Stokes s theorem

Frequency of Resource,

Topic Coverage Item Relative Emphasis

Score Emphasis Difference
A BC DE

13 0

14 0 1 1 5

14. 0 1 5

13 0 2 7

14 0 1 1 1 5

13 3 3 0 6

14 1 0 1 4

14 1 5

14' 1 4

14 5

4 5

4118

'3 3 0

15 : 4

s

3

6 2 6

6 3 2 3 6

8 2 3

2 2 4 2 5

3

9

2 4 2

2 2 9

12 2 2

2 z

2 2 2

9 2 5 3

2 3 4

9 2 2

14 0 1

, :

14 2 0

2 0

1: 2 0

14 0 2 0

13 2 0

14 1 0 i 1

14 2 ,
0

14 1 1 0

1 i 1 0

FJ
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TABLE 16.--Relative Emphasis on 56 Concept Areas in Mathematics, Reported
by 17. Institutions Offering Associate Degree Engineering
Technology Curricula

Areas Receiving

Little or No
Emphasis

I
Areas Receiving

Moderate

Emphasis

Areas Receiving

Substantial

Emphasis

Mathematical Induction
The Binomial Theorem
Permutations and

Combinations
Probabi-lity

Determinants of
Order.sN

PartiaT Fractions

The number Systems The Fundamental Operations
of Algebra Special Products and
Functions and Graphs Factoring
Complex Numbers Fractions
Higher Degree Equations Exponents and Radicals
Inequalities Linear and Fractional
Ratio, Proportion, and Equations
Variation Quadratic Equations

Progressions
Ji

Systems of Equations

4141

Elementary Determinants
with Applications

Logarithms

Special Topics in

Trigonometry
The,Tri.gonometric

Functions

'Trigonometric Functions
ofan acute angle
Trigonometric Identities
Related Angles

Radian Measure
Grack,of the Trigonome-
tric Functions

Functions of Two Angles
Trigonometric Equations
Graphical Methods
Solution of Triangles

Inverse Trigonometric
Functions

Parametric Equations,

Curvature, and Roots
Polar Coordinates

Indeterminate Forms
Infinite Series

Expansion of Functions

Hyperbolic Functions
Solid Analytic
Geometry

Partial Differen-

tiation

Multiple Integrals

Differential Equations
Vector Analysis

Application of

Integration

Differentiation of

Algebraic Functions
Equations of the

Second Degree

Differentiation of
Transcendental
Functions

Differentiation with
Respect to Time

Curve Tracing

Integration

Coordinates and Lines
Variables, Functions,
and Limits

Differeritiation and

Application

Integration of Algebraic
Forms

a
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institutions can measure their relativ effort in these courses. It

must 40 emphasized, howeverthat Tabl/ 16 reflects current practice,

not necessarily an ide,al. InstitutiOns establishing or revising

courses should consider carefully their planned overall curriculum

objectives, and institutions using these data'for comparison pur-

poses_ shoLld be aware that many observers would deem modal current

practice inadequate for contemporary needs.

CFiEMISTRY

Some associate degree engineering technology curricula contain,

as part of their physical science requirements, an introductory

course in chemistry. An effort was made to identify the general

characteristics of such courses by studying a limited sample.

Courses which appeared in curricula entitled "chemical technology,"

"chemical engineering technology," "chemical laboratory technology,"

or the like were excrudet from the sample; only courses which could

be identified as intended for "non-majors" were considered. The

results of the study are preser.tec in the following paragraphs.

b

Nature of the Sample
11.

The chemistry courses at only ten institutions are included in

the analysis which follow. While others existed within the sample

chosen, responses to the questionnaire were incomlete or late and

had to be rejected. The ten institutions had a national distribution

geographically. They consisted of nearly,equal numbers of technical

colleges (monotechnicd1 institutes, polytechnical institutes as else:

where defined) and comprehensive community colleges. Equal numbers

of:the courses appeared in curricula accredited by the Engineers'

Council for Professional Development and in curricula'not so accred-

ited.

General Observations

Most often, the chemistry course considered here was `Otte which

carried 4 or 5 semester hours credit and included a laboratory.

Only one of the ten examined, was without laboratory; only three

carried less than 4 semester credits, and two of these were at

institutions on the "quarter" system and had either 4 or 5 quarter

credits (approximately equivalent to 2 and 3 semester credits,

respectively). The course title varied greatly: "Chemistry,"

"Intrqductory Chemistry," "Technical Chemistry," and "Fundamentals

of .Viemistry" were among those used. In two cases, the catalog

descriptions implied that students were excused from the course if
ri
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they had successfully completed high school chemistry with a grade

of "C or better"; such students substituted an elective for this

course.

Many associate deree engineering technology curricula at the

institutions visited did not include the chemistry course even

though it was required in other curricula at the same school.

Faculty members and program administrators, questionned on this

point, responded that there was "no room" in the curriculum or that

"other subjects have a higher priority." Questioned on the desir-

ability of a chemistry course as a pat of an engineering technology

curriculum, these same faculty members gave responses.which varied

from "...not'necessary..." to "...sh9uld be reau±red for everybody";

student reactions to the same question ranged 7rom "...I don't under-

stand the need for it..." to "...I think I should have more."

The chemistry course most often was one open to students in

several different programs at the college; for example, students in

nursing, forestry, home economics, denttal hygiene,_and engineering

technology were simultaneously enrolled in the chemistry class at

one institution. In some,cases, this chemistry course could be

used .to satisfy an institutignal requirement for a laboratory science

in the general curriculum. In a few instances, however, institutional

practice was trestrict enrollment in the course to engineering

technology students only.

Topic Coverage

The. questionnaire related to topic coverage in chemistry (App-

endix C) contained .5 items. Table 17 gives a summary of the re-

sponses. It is interesting that only lt-of the 85 topics showed a

difference in practice by technical colleges and comprehensive

community colleges. ,A possible explanation exists for why Items

61-63, 65-68, and 72--topics which are strongly physics- related --

appear to be emphasized to a greater extent in comprehensive

co ity colleges than in technical colleges. Quite often, enroll-

ment i the chemistry course in co1rnunity ctreges is "open," that

is, the course serves individuals in many disciplines. Since some

of these students may not subsequently study'physics, it may be im-

' portant, therefore, that these particular physics-related topics be

given emphasis. In technical colleges; on the other hand, enroll-

ment is more. often restricted and nearly-all students will subsequen-

tly study physiCs; hence, it may em less important to-emphasize

these special topics in the chemist course.
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TABLE

Item
No

1

2

3

4

II
5

6

7

B

9

10 9

/ 11

12

13

14

15

16

17

18

19

20

21.

22

23

24

26

26

27

28

29

30

31

32

33,

34

35

,36

37

38

*

4111 39

40

41

42

4. 43

44

4S

46

47
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17.--Coverage Given to Selected Topics In the Chemistry

Associate Degree Engineering Technology Programs
Course Intended for Students in

I

Topic

Frequency of Response,
Topic Coverage Item

Score

Relative

Emphasis

Emphasis

Difference
A B C 0 E

Classification of matter 0 0 3 5 2 . 2 9

Weight relations, conservation
laws 0 1 1 3 5 3 2

Physical A Chemical Changes 0 1 4 1 3 5 3 2

Chemical notation 0 1 1 1

liki
3 4

Ir.

Atomic And Formula Weight 0 1 1 1 7 3 4

Chemical equations and.

Stoichiometry 0 1 1 1 7 ' 3 4

Kinds of Elements 0 0 3 4 3 3 0

Descriptive Study of certain
representative elements 0 0 4 6 0 -2 6

Binary Compounds 0 2 3 2 3 2 6

Ternary Compounds 0 3 2 3 2 2 4
.

Fundamental Particles 0 2 2 3 2 2 7 T

Nuclear Reactions 0 6 2" 2 0 1 6 .

Natural Radioactivity 0 4 4 2 0 1 8

Artificial Radioactivity 2 3 3 2 0 1.5 C-

Fission and Fusion 1 3 5 1 0 1 6

Periodic Law 0 1 2 1 6 3 2

Atohic Structure 0 0 2 1 7 3 8

Stable Electron Config-
urations 0 2 1 1 6 3 2

Walt Metals 0 2 2 6, 0 2 4

Metals of Groups ILA

and 111A 0 2 3 5 0 2'3

Elements of Groups VIA and

VIIA 1 1 3 5 0 2 2 Of

Transition Elements 1 1 5 2 1 2 1

Elements of Groups IVA and

VA 0 1 5 4 0 2 3

'Ionic Bond 0. .-2 0 , 5 3 1

Simple and Complex Ions 1 1 1 3 4 2 8

Electrolysis 0 1 2 1 7 3 2

tovalent Bond 0 1 1 3 5 3 2

Structure of the Hydrogen -

Molecule * 0 1 2 4 3 2 9

Other Diatomic Molecules 0 0 3 5 2 2 9

Covalent Bonds between
Dissimilar Atoms 0 2 1 4 3 2 8

Properties of Covalent
Compounds 0 2 1 3 4 2 9

Solvent-Sql)te Phenomena 1 1 1 1 6 3 2

Molality 1 2 1 1 5 2 7

Freezing Point Depfession
and Boiling Point Elevation

Calculations 1 2 0 1 6 2 9

Partially Ionic Bonds 0 2 3 1 4 2 7

Partially Covalent Bonds 0 2 3 1 4 2 7

Electronegativity 0 2 2 2 4 2 8

Structure of Partially

Ionic - Partially Covalent

Compounds

,

1 3 1 2 3 2 4

Dipolar Molecules 1 1 2 2 4 2 7 C

Ionization of Polar
Molecules 0 3 1 2 # 2 7

Hydrogen Bonding
1 2 2 2 3 ) 2 4

Redo' Reactions of the

tree Elements AIL 0 4 1 2 3
44

2 4

Redox Reactions o -

Compounds 0 4 0 3 3 2 5

Oxidation Numbers 2 1 0 1 6 2 8

Balancing Redox Equations 2 1 1 3 3 2 4

Activity Writs
1 3 0 2 4 2 5

Redo' Equilibria 3 0J
1 3 1 8

4
4

4*
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Item

No.

Topic

Frequency of Response,
Topic Coverage Item

Scorecore

Relative
Emphasis

Emphasis

Difference

48 Arrhenius Concept of Acids
and Bases 3 0 1 4 2 2 2

49 Bronsted-lowry Concept of
Acids and Bases 1 4 0 3 2 2 1

50 Lewis Concept of Acids and .

Bases
. 4 2 0 2 2 1 6

51 Strengths of Acids and
Rasel 1 3 0 1 5 '2 6

52 Hydrolysis of Salts 0 4 2 2 2 2 2
C

53 ,Titration 2 1 1 3 3 2.4
a

C

54 Normal and Molar Concent-

ration . 1 2 1 2 4 2 6

55 Indicators 3 0 2 4 1 .s. 2 0

56 Acidic, Basic, and
Amphoteric Oxides 1 1 3 3 2 2 4

57 Acid-Base Pquilibria 2 1 3 0 4 2 3

58
t

pH Calculations 2 2 1 2 3 2 2
C

59 liquids - 'ases - Solutions 0 e 2 3 3 2 7
C

60 Van der Waals, Ionic k c..... Covalent, and Metallic 2 2 1 2 3 2 2

Solids .

61 Boyle's law Calculations 1 1 3 4 2 8
.. C

62 Charles' Law Calculations
1 1 1 3 4 2 8

..
C

53 Ideal Gas_ law Calculations
1 1 1 4 3 2 7 C

64 Forms of Energy
1 2 0 4 3 2 6

.

65 Specific Heat
3 1 1 2 3 2 1

*
C

66 Heat of Fusion
3 0 0 4 3 2 4 C

67 Heat of Vaporization
2 1 0 4 3 ' 2 5

.
C

68 Kinetic-Molecular Theory
0 3 0 4 3 2 7 C

69 Bond Energies
2 1 2 2 3 2 3

70 Heat of Reaction
2 1 2 2 3 2 3 C

71 .Activation energy
2 1 3 2 2 2 1

.

72 Free Energy / 3 2 1 2 2 1 8 C

73 Enthalpy and Entrophy 2 4 0 2 2
1 8

.

74 Hydrocarbons
4 2 2 2 0 1 2

75 1, Aliphatic Hydrocarbons
5 1 3 1 0

1 0

76(

72

Aromatic Hydrocarbons

.Reactions of Hydrocarbons

4

4

3

2

3

4

0

0

0

0

9

1 0

m

78 Functionally Substituted

Hydrocarbons 6 0 A' 0 0 8

79 Reactions of Substituted
Hydrocarbons

6 2 2 0 0

80 Ionic Organic Mechanismi
7 2 1 0 0 4

81 Free Radical Organic
Mechanisms

8 1 1 0 0 3

82 Sugars and Polysaccharides 6 2 2 0 0 AV 6

83 Fats
6 2 2 0 0 6

%le
Amino Acids and Proteins 6 2 alli 0 0 6

85 Vitamins a4i Alkaloids 7 2 1 0 0 4

ma
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It is sometimes dangerous to assume that "general practice" or

1

"modal behavior" provi e,s a suitable criterion by which to evaluate

existing educational p °grams or can serve as a model after which .

new programs may best be patiterned. On the other hand, soma'useful

purposes can perhaps be served by examining critically these general

comments about the chemistry course for non-majors which may appear

in an. associate degree tpgineering technology curriculum:

1. It normally carries 4 or 5 semester credits.

2. It includes a laboratory.

3. It can serve disciplines other than engineering technology.
. .

4. It need not be based on previous high school studyjof
.--

chemistry.

5. Topics related to organic chemistry (see Items 74-8,

Table 17) are considered of much lesser importance than

topics related to inorganic chemistry.

6. Topics related to terminology and nomenclature (Topics

1-10), to concepts of atomic structure and periodicity

(Topics 16-18), and to chemical bonding (Topics ,24-37)

appear to be considered of primary importance in the

syllabus; topics of a more4descriptive and less theoretical

nature appear to be considered relatively less important.

4
Institutions establishing chemistry courses intended for engi-

neering technology students should consider the aboAoe'comments as

initial constraints on the course offering--adapting these constraints,#

however, to fit local needs. Institutions offering the third and

fourth year of a baccalaureate engineering technology program and

accepting transfers from associate degree programs should be aware

of the kind of experience in chemistry which most such transfer

students will have had. And, institutions offering associate degree

engineering technology programs which include a chemistry course

can use the foreedescriptions as crude and superficial measures

against which they)ay assess their own performance.

N

PHYSICS

Almost all associate degree engineering technology curricula

contain courses in physics. A study to determine the general

characteristics of such courses has been made, the results of which

are described in the following sections S...,



Nature of the Sample

The'physics courses at 14 institutions are discussed. The

orig 'nal, samplecontained more institutions, but many responses were

inc mplete or late and, hence, were rejected. The institutions con-

tributing usable responses were representative of all regions of
. ....

The cour*ty and were equally dist'ibuted by type that is, tech -

nical colleges and comprehensive community colleges. The Engineers'
--,

Council for Professional Development shad accredited one or more engi-

neering tecl-Andlogy curricula at 8 of these institutions; 6 of the

I

41*

institutions offered curricula not so accredited. 0

General Observatio n's

The physics sequence for engineering technology curricula most

oftenvconsists of two courses, each carrying 4 semester credits;

these courses/consist usually of three lecture- periods and a'labr

oratory. Variations in this pattern range from a single course to

a sequence of three 5-credit courses. The course titles were

usually listed as "Physics" or "Technical Physics". ComMonly, a

numerical sequence designator (Physics I, Physi*O141f, etc.) was

employed. The catalog descriptions frequently impliV that the
4

sequence was open only to technical students, and sometimes cautioned

that,the sequence was not accepta4le as part:of the requirements of

pa "transfer" pr gram. Co- or prerequisites of algebra and trigo-

nometry were often listed; in none of the cases studied was calculus

listed as a prerequisite.

.
,

Topic Coverage

.The questionnaire related to topic coverage in physics (Appendix

( D) contained.242 items in six major concept areas. Table 18 gives

data on the re.lAtive emphasis given to these',-topics,'as reported by

the respondents. . / ,

'?..._

It can be noted from the table that most topics received "mod-
f

ate" or "substantial" emphasis, with the exception of toilkcs in

the concept 'area-Of Modern Physics. Topic coverage practices appar,

ently did not differ appreciable between technic 'collegls and corn-

prehens*.ive commlnifY colleges; significant differ"jibes.were detected
.

......-.,

..41 for only 11 items out of the 242, less thap 5 percent. A summary ofG

b

the'relative emphasis give, to various to*.cs in the i sx major-conlept
.

areas of physics appears in Table 19..

p
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TABLE 18 --Coverage Given to' Selitted Topics in the Physics Course Sequence Intended for Students In
Associate Degree Engineering Technology Prograis

Item
Co

Topic, by Concept Area

amp*

2 Maohantos

1 Units i,nd Systems of Measure:
sent '

2 Vector quantities
3 Representatiiin if Vector

quantitiaP
4 Vector addition -

5 Vector subtraction
6 Resolution of Vectors

Frequency of Response,
Topic Coverage Item Relative Emphasis

A B CD E
Score ,6mphasis Difference

7 ComponeVt method of Vector
addition

:8 tonstant. Instantaneous, and
Average Speed

9 Speed and velocity
10 Accelerattpn
11 Kinematics kijoations
12 Falling bodlTs

3 Motion in a vertical- plane
1 Projectile and Rocket fl ight

r 5 Laws of motion'
6 First law 0f motion
7 Second law of motion
8 Third law of motion
9 Inertia and
0 Force And
1 Mass and we
2 Sliding frit on

23 a Coefficient of friction
24 Static friction '
25 Rolling friction
26 Fluid friction
27 Equilibrium of a particle
re ,Torque

-----. 29

\N\k

32

30
31

31

33

35
36

37
38
39
40
41

42
43
44
45
46
47
48
49
50

It , 51

52
53

54 /
55
56
57
58
59lik 60' -
61

62
63
64
65
66

110 67
68
69
70
71

72

2

73
.a,

71

75

76

77

1 78

71
80
Ell.

3 82 i

Center of gravity
circular motionUniform*

'Centri petal acceleratiRn
Centripetal force
Banked turns
Centrifugal force

..
Gravitation
Gravitational field
Energy, dfinitions
Work .
Power
Power measurement
Kinetic energy
Potential energy
Conservation of energy .
Momentum and impulse 4

Conservation of momenta''
,

Collisions

Angular measurement
.Angular velocity
Angular acceleration
Kinematics of Angulkr 0
Motion

Rotational kinetic energy
Moment of inertia
Torque and arrgulam
acceleration

Angular ..momentum
Steeple Machines
Mechanical advantage
Efficiency
Density
Elasticity
Young's modulus
Shear modulus
Bulk modulus ilk
Pressure
Hydraulic press
Pressure and depth
Archimedes' principle
F1'ald flow
Bernoulli's equ&tion
Elastic potential energy
Siple harmonic motion
The pendulum
Kinematics of vjbra to
motion
Wave Motion, Aa.ouettve

Mater waves
Longitudinal and transverse

waves
'Wave speed and energy
Standing waves
Resonance
Sound
Musical Sounds
Acoustical attenuation
Superseric waves
Doppler effect

0,

0

0

0

0

0

0

0

0

0

1

3

1

0

0

0

1

2

.03
1

1

0

0

0

1

1

0

1

2

1

1

0

0

2

2

0

2

1

2'
2

2

3

.4
3

5

4

1

2

2

2

2

3

7

6

3

1 2 7 4- 3.0
1 1 6 _& 3.2

1 1 7 5 3.1
1 1 6 6 3 2

2 1 8 3 2.9
0 2 6 6 3.3

0 2 6 6 3.3

1 1 7 5 3,1
0 1 6 7 3 4

0 0 7 7 3 5

0 1 6 6 3 1

0 1 7 6 3 1

0 2 7 5 3.2
1 -1 7 5 3 1

0 7 5 7 3 1

0 2 6 6 3 3

0 2 5 7 3 1

0 2 6 6 3-3
1 2 7 1 3 0

0 2 5 7 3 1

0 3 6 5 3 1

1 Ao 7 5 3 1

1 1 7 5 3 1

0 2 7 4 2 9

1 5 5 2 2 4

5 1 2 0 1 1

1 0 8 4 2 9

1 1 8 4 3 1

2 4 6 2 2 6

0 5 1 5 3 0

0 2 5 5 2 8

0 3 5 5 2 9

1 3 7 1 2 3

1 3

2 3

2 8

0 3

0 2

0 2

1 2

0 2

0 2

0 2

2 1

2 1

1 2

3 1

3 2

3 2

3

3

0

5

6

6

3

4

6

5

5

6

5

4

5

5

2 2

2 1

1 9

3 1

3 3

3.3
2- 9

3 1

3 3

3 2

3 0

3 1

2 9

2 8

2 8

2 8

3 2 3 2 6

2 3 3 2 5

3 2 1 2 7

1 2 1 -2.8
1 2 2 1
1 2

2 2 2 3 2 4
Pi 2 5

2 2 5 2 6

0 4 3 2 7

1 3 1 2 9
1 1 1 2 9

3 1 1 2 6.
1 3- -1 1 9

0 3 1 2 1

2 3 .3 2 3

0 1 1 2.8
0 7 1 1 '4 2 1

2 5 44..0 1 2 0

3, 5- 3 1

1 6 1 0 i 98

0 3 5° 2 2 8
. . , 3 2 1 2 1 9

0 4 3 2 1 8

3 3 4 0 , 1 5

0 5 4, 4 2 7

3 3 3 3 2 1

3 4 3 2 2 0 -
1 4 3 4 2 4

1 5 1 5 2 4

6 2 it. f 1,4
1 5 0 1 0

3 ilr 1 0 1 0

1 3 5 2 , 2 1

1.

f

ft*

vot,

ee

et,

ee

.

it*

*if

dpf

dpf

1.1

IP*

dp.

dp.

ft
IP*

41.

T

40

8 is

tt

a
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1

Frequency of Response.

Topic Coverage

A B C 0 E

41

Item Relative Emphitis
Score , Emphasis Difference

$ Heat

ei, Temperature
84 Meat ."

85 Specific heat capacity
86 Change of state
87 calorimetry
88 Mechanical equivalent of

heat
89 Thermal expansion
90 Volume expansibn
91 Boyle's law
92 Charles' law
93 Ideal gas law
94 Kinetic theory of gases
95 Kinetic theory of matter
96 First law of thermodynamics
97 Secqnd lam of thermo-

dynamics
98 Carnot engine
99 Carnot'efficiency

.

100 Steam engines 4

101 Internal combustion engines 5

102 Statistical mechanics 10

103 Conduction 0

101 Convection 0

105 Radiation 1

r
106 The refrigeratmr 4 4

107 Thermodynamics of refrig-

eration

4 Lght, OptLaa
08 Huygen's principle ' 2 4 2 3 ,

09 Reflection . 0 2 1 5

10 Plane mirror 0 1 2 5

11 Conceve mirror . 1 0 3 5

12 Convex mirror
1 0 3 5

13 Image'forOatione 1 0 2 6

14 Mirror.equation 2 0 2 5

.15 Magnification 1 0 3 5

tem:. 1-6- Spherical aberre-t-4-or. 4 3 --2 4- 2

17 Snell's law 2 2 2 4

18 Index of refraction 0 lgp 3 5

19 Apparent depth 4 2 3 3

20 Total intern.) reflection 3 1 4 J
21 Lenses

1 -2 3 4

22 Image formation 1 2 2 4

23 The lens equation 3 0 2 4

24 The eye 6 0 2 4

25 'he microscope 5 1, 4 3

26 The telescope ' -, 4 2 4 2

4 27 Lens aberrations 2 4 5 2

28 Diffraction 2 dr2 t 2

29 The double slip 6 1 4 2

30 Color, Spectre and fi

Spectrometry
s

31 Diffraction grating
32 Polarization

0 1 2 6 5 ,3.1

0 1 2 6 5 3'1

0 1 ,3 4 6 3 1

1 1 1 5 6 3 0

1 0 3 6 4 2 9

0 2 3 3 6

0 0 3 6 5

0 0 5 5 4

1 1 2 6 4

1 1 2 6 4

1 1 2 6 4

1 4 .4 3 2

2 6 2 3 1

1 2 4 3 4

1

3. 5

3 5

4

3 3 4

1 2 1

3 3

5 1

5 1

3 0

4 4

5 3

4 4

2 jor.., 1

2 9

3 0

9

8

8

1

4

5

4

5

4

2

1

5

7

4

4

3

6 3 3 2 0 1

3-

4

5

2

3

4,

5

5

2

1

2

1

3

1

2 1

3 1

3 1

2 9

2 9

3 0

2 8

2 9

2

.

C .

4

2 6

2 7

2 6

1 7

1 6

1 6

1 7

2 1

1 4

1 4 3 -3 3 2 2

3 3 4 1 3 r 9

2 2 6 2 2 )2 0
..,

33 64Fe'c'irrtiCttchagecharge 2 0 2 6 4 2 7

34 Coulomb s law 2 0 2 6- 4 2 7

39 Multiple charges 3 1 2 4 4 2 4

36 The electric field 2 b 2 6 4 2 7

37 Electric field of a point
,,

charge , 3 1 2 y 5 3 2 3

38 Electric lines oc force 2 2 2 5 3 2 4

39 Potential difference 2 0 4 3 5 2 5

40 Electric current 2 0 3 3 6 2 8

41 .he s law 2 0 J 4 7 3 0
42 Resillivity 2 0 -3 4 5 2 7

43 ResiMbrs In combination 1 2 0 1 5 6 2 9

44 Electrical power 2 0 1 5 6 ' 2 9
45 Electromotive force

.
2 2 5 5 2 8

46 Kirchhoff's roles 3
44,

3 3 4 2 3

48 Polar molecules
Ionization and ,reirinst43 5 4 3 1 1 1

9 1 3 1 0 7

it..

47

49 -Electrolysis 6 3 3 0 2 1 2

50 Electrochemical' equivalent

end electrodeposition 1 1. 2 0 3/ 1 2

51 Chemical sources of electric

3 4 1 5 1 1 8

Dry

energy

ry batteries 2 3 2 4 3, 2 2

53 Stoylage batteries 3 2 2 4 3 2 1

5 Fuel cells. 9 1 2 2 0 8
5 Capacitance 3 1 3 .3 4 2 3

56 Energy of a charged eapacitor 3 1 4 2 4 2 2

57 Electric energy density 4 1 4 5 0 1 7

58 Dleletric constant 4 5 1 3 3 2 1 6

59 Charging a .capacitor 3 3 3 2 3 I 9

60 Oersted's experimint 3 3 3 3 2 1 9

61 Magnetic induction 2 0 2 7 3 2 6

62 Magnetic field of a torrent 2 0 1 7 4 2 8
63 Magnetic properties of matter 2 4 1 4 3 2 1

64 Magnetic intensity 2 2 3 5 2 2 2

65 Hysteresis 2 3 3 4 2 2 1

66 0 Force on a current . 0 3 5 4 2 6

67 Force betweln two currents 0 3 3 4 2 2

68 Behevioc of charged particles
in a magnetic field 3 0 3 s- 5 3 2 4

10#



Item

No

Topic, byleConceot Area

Frequency of Response,

Topic Coverage

A B C D E.

Item

Score

Relative

Emphasis

Emphasis

Difference

oi
V69 Force on i current loop 3 1 4 3 3 2 1

170 Galvanometer
(

3 1 3 2 5 2 4

371 Ammeter 3 0 3 3 5 2 5

it
177 Voltmeter 3 0 2 4 5 2 6A6

173 DC electric motor 4 1 2 4 3 2 In
174 Magnetic poles 3- 2 2 4 3 2 1

N 375 Faraday's law 4 0 3 3 4 ..... 2 2
176 The betatron 9 5 1 0 0 5

177 Moving wire in a magnetic

field 2. 1 2 5 4 1 6

178 AC-generator 2 3 2 3 4 2 3

179 DC-generator 2 3 3 4 2 4

180

.....------,2

Back emf 31 2 3 2 4 ' 2 1

181 Transformer 3 2 .2 2 5 2 3

182 Inductance .2 1 1 4 6 2 8
Ir

183 Solenoid 3 1 4 3 3 2.1

184 Growth and decay of current 4 2 6 1 1 1 5

185 Magnetic potential 6 3 3 1 1 1 6

186 0 magnetic energy densi 6 4 4 0 0 9

187

188

Electrical oscillatio 4-

Effective current and
3 5 1 1 1 4 .r

89

90
lb

voltage 2

Phase relatk.ozi2
Inductive reac ce 3'

2

2

2

3

3

2

1111

2

3

4

5

2 3

2 4

2 3

91 Capacitive reac ante 3 1 3 2 5 2 4

92 Impedance .
3 , 2 I 3 5 2 2

93 Resonance 3 3 1 2 5 2 1

94 Power in AC-circuits 2 1 3 4 4 2 5

95 Maxwell'' hypothesis 9 3 1 1 0 6

96 , iElectromagretic waves 4 6 1 1 2 1 4

97 iarieries of electromegnetic
,

waves 6 4 1 . 1 2 2

198 Electromagnetic, waves in

communications 7 4 1 2 0 9

199 Radiation'pressure 2 1 0 0 - 3

.c,-.:41m, FheeL'zo

208 xraies of reference IC 1 2 t 6

201 Special theory of relativity 8 1 .,, 3 1 1 0

202 Relativity and mass 7 3 2 ? 0 9

203 /US$ and energy 3 5 2 3 1 1 6

204 Photoelectric effect 5 3 0 3 2 1 4

205

206

Quantum tneory of ligrt 5

x-rays . 4

3

4

0

2

5

3

51

5

207 matter waves 1 3 1 0 7

208 Uncertainty principle 7 3 3 0 1 9 ,

209 Causality 13 , 0 10 0 1

210 ;he Nuclear model oh Ore

atom 5 1 3 5 C 6

211 Electron orbits 7 I 1 4 1 4

212 Atomic spectra 8 1 1 2 2 2

213 Bohr atom 6 3 1 1 3 4

214 Energy levels and spectra 7 2 1 2 2 3 L
215 atomic excitation 8 1 1 1 3 3

216 Quantum theory of life atop 9 0 1 3 1 1

217 Electron spin 8 0 3 2 1 1

218 Periodic law 8 2 3 0 1

/....

9

219 Atomic structure 6 2 5 0 1 1

220

221 *

Ionic baaeing 6

Covalent binding 8

3

3

3

2

1

0

1

1

,

8

222 Polar molecults 1Q 1 2 0 1 6

223 Structure of solids 9 2 2 0 1 7

?Ai Vim der Waal's bonds 6 5 2 0 1 S

225 Metallic bond 9 /6 1. 0 , E

226 Energy bands ^.... 9 2 2 0 1 7

227

228

impurity semicooductors 9

SemAconductor devices 9

2

2

3 0

0

0

1

6

6

229 Ferromagnetism 6 t 3 1 1 4

23G Mass sp ctrometer 10 Olk 2 2 r; 7

231 Nuclilles 9 2 2 1 0 6

232 Isotopes 5 44010 2 ' 2 1 4

233 Binding en rgy 9 2 3 0 0 la.

234 Nuclear forces 8 1 4 1 0 , 9

235 Radioactivity 3 3 5 2 1 1 6

236 Half-Life 6 2 4 .1 1 1 2

237 Nuclear reactions 7 2 3 1 1 1 1

238 Nuclear fissaon 7 2 3 1 1 1 1

239 Nuclear,04actors 8 1 3 2 0 9

240 Nuclear fusion 7 2 3. 1 1 1 1

241 The neutrino 9 3 2
.

5

242 antiparticles 8 5 1 5

S
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TABLE 19 .--Rel ati v e Emphasis on Various topics th Physics, Reported

for Existing Courses in Associate Degree Engineering

Technology Curricula.

,

Topics Rocei vino .4i Topics Receiving

Little or No 4,-
e

, 1 Moderate
Edphasis Emphasis

.

Topics Receiving

Substantial

Emphasis

,
ta

=

=
,..,

,..J

x

...,

.0 I Friction
1 Circular Mott on

Gravitation

Angular Kinematics

1 Vibratory Kinemati cs
Simple Machines *

1

Hydrostatics
I Hydrodynamics

1

i

Sys tems of

Measurement

Vector Quantities

Computati ons wi VI

Vector Quanti ties

Linear Kinematics

Newlon's Laws

Equilibrium of a
Particle

Energy ,

Momentum

Angular Velocity'

Simple Harmonic
Moti on

Elasticity

2,
'

z.
vi

-...=
...- 0
.:_,

i <

.
i

Mwsi cal Sounds Longetudi nal and

Acoustics and Trans verse Waves

Acoustical
: Standing Waves

Attenuation Resonance

Supersonic Waves : Sound Phenomena

<

Heat Engines Kinetic Theory of
Statistical Gases
Mechanics

1 Thermodynamics
Petri g.rat,i on ' Ca rnot Engines

Conduction
..

Convection
Radiation

Temperature

Specific Heat

Change of State
Cil o ri met r

Thermal Ex ans ion

Gas Laws

Huygen 's Principle Geometric Optics,
--

_ ,

Appl catio

Optical De v Oes

Diffraction

Col or Spectra,

Spectroscopy
Polarization

Refraction

Electrolysis

Maxwell's Eq uati ons

Communications

Ci rcJi is

Radiation Pressure

Electrostatics

Ki rchof f s Rules"
Battif ri es and Cells

Capacitors and
C aPaciot an c e

Magnetic Properties

of Matter

Electrical Instruments
Electrical machines
Al ternating Currents

Electromagnetic Waves

Electric Curr4nt
Ohm' s Law 1

Resistor Netwbvs
Electromotive
force

Electromagnetism

Electromagnetic
Forces

Inductance

A
za

0
0
z

Rel at 0111 ty

Uncertainty

Atomic Spectra
Atomic Structure

Structure of Solids

Semiconductors
Nucleo9s and
Nuclear Forces

Nucliir Reactions
Neutrinos, mesons,

other Fundamental
Particles

Antiparticles

El ementary Quantum

I Theory

uc1ear Model of
the Atom

El ectron Orbits

Ilotypes

Radioactivity '

6

1

a

a

4
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The tables in this section have illustrated current practice by

selected institutions in the-coverage given to topics normally found

in a sequence of introductory college physics courses. As such, they

\provide C1) a crude model after which new courses may be fashioned,

and (2) a criterion against which institutions may evaluate their

individual practices. It Must he remembered, however, that modal

practice does not necessarily reprdsent an ideal; therefore, suitable

caution should be exercised in the interprlitationoof the results

shown here, Many observers, for example, feel that physics, as a

basic science, has certain enduring attributes not as susceptabie tc

obselescence as specialized technical studies; hence, these observers

urge that physics topics be given a greater coverage than is currently

the case. Others, of course, te a somewhat contrary position,

taining that the needed concepts of physics can best be included in

technical courses; these observers urge hat engineering technology
0

curricula focus more directly on specialized technology and less on

general background material such as physics.

VOW

Summary

A study of the mathematics, chemistrS, and physics courses

offered .by selected institutions, has been made. °The results include

descriptions of these courses as u*ali, offered, data on the relative k

empigasis given to various topics in these courses, and comments on

differences in prohctice--if any--between technifhl colleges and com-

prehensive community colleges.

The esults are pptentially useful to,instituTions inaugurating,

r4Vj.sing, or accepting transfer of courses in engiheering technology

curricula.

A

O

04.
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CHAPTER 5

'ACCREDITATION OF ENGINEERING TECHNOLOGY

CURRICULA

The purposes of this papaciere to give a brief overview of the

process of accreditation, to review the histroy of accreditation of

engineering technology curricula, to summarize certain data related

to accreditation of engineering technology, ld to call attention to

soire current issueatin this area.

Introduction

Accreditation has been defined as uthe process whereby an organ

iiation or agency reccghlzes a college or university or a. program of

study as having met certain predetermined qualifications or standards."'

Tree Engi.ileers'-Clouncil for Prsfessionel aeve1opment-,-3445 East 47th

Street, New York, N.Y. 10017, is the agency responsible for accrediting

programs of study in both engineering and engineering technology;

ECK. states as its purpose the following: "To promote and advance all

phases of engineering education with a view to the promotion of the.

public welfare through the development of the better edicated engineer,

engineering technician and engineering technologist."2 'The accreditation

of an engineering technology curriculum thus assures students, potential

students, parents, smploye, government agencies, educational insti-

tutions, and the genetal public tl'wt certain minimum standards of',

quality are met by the program. Ea-F:t regularly publishes list of cur-
.

ricula whic! have been accredited.3

Overview of Accreditation

Accreditation is a phenomenon peculiar to American education and

evQlved primarily because of the lack in the United States of a central

or Federal control over educational. institutions, a c* cumstance

quite different from that prevailing in most other countri . In this

'William K. Selden, Accreditation, A Struggle Over Standards
in Righer.Education (New York: Harper and Brothers, 1960), p.6.

`, 2Ergineers' Council for Fisofessional :;evelopment, Thirty-

.Eighr Annual Report (New York: The Council, 1970), p.35.

For the 1970-71 list, see Ibid, pp.87 -90.

4
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country, education is a matter constitutionally reserved to the states

which consequently haVe authority to charter and regulate botch public

and private institutions.-,However, the several states historically

did not generally exercise the regulatory powers potentially available

to them, with the'result that institutions differing widely in character

and quality evolved. Vpncern on the par%of educators and others both

about the general quality of institutions and abdut the standards of

specific programs for the preparation of professionals led to the

development of accreditation practices.' Currently, siN,regional

associations and approximately thirty professional agencies are .engaged

in accrediting activities.2

The regional associations were established at various times in the

period from 1885 to 1924. Table 20 includes the founding dates of these

bodies. The major objective of the various regional associations when

they were first founded was to establish suitable and consistent college

admissions criteria. In the nineteenth and early twentieth centuries,

graduates of secondary schools who applied for college entrance often

;arlec widely in their qualifications, and admissions officers were

oftn perplexed about ways` to place entering students praperly. The

early activities of the regional associations resulted in s/hstantial

improvement in the quality of weaker high schools and a standardization'

of the cIrriculum of all. After a measure of articulation between

secondary and college programs was thus achieved, the associations

then turned their attention to collegiate institutions since these,

too, varied considerabl7 in quality and level. The regional assoc-

iations initially operated by setting rather specific standards Pe-

lating to suc?..aspects of an institution as its chartering, organization

and administration, admission requirdtents, library facilities, cur-

riculum patterns, and physical facilities, and then evaluating the

institution by those standards. The associations provided a valuable

service to the public by identifying institutions of quality; they

tended thus to eliminate Weakeror fraudulentschools. in recent

years, the emphasis of the regional associations in their accrediting,

activities has lifted away from the application of quantitative

"minimum standards sward trie use of broader, qualitative criteria

1
For a genera story 1 accreditation, see Lloyd M. Blauc

(
ed., Accreditation in Higher Education (Washington: U.S. Government
Printing. Office, 1959.)

2National Commission on Accrediting, List of Recognized-

Accrediting Agencies (Washington: The Commission, 1978). The'regional
/issociations serve the New England, Middle States, Southern, North
Central, Northwest,. and Western regions.

q4.
f O
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TABLE 20.-- Historical Development of the Regional Accrediting
Assocfations

Ass6ciation
Year of

Founding
Year College

Accreditation Began

New England
Middle States

North Central

Southern

Northwest

Western

1885

1889

1895

1895

1917

1924

1952

1921

1910

1917

1921

1949

intended to stimulate institutional improvement. The six associations

vary somewhat in their prattices, but all use visiting accreditation'

teams, require an initu;ional !'self-study" and allow for an "appeals"

procedure in case of unfavloran.e action. Semi-annually, a list of

accredited institutions is published. This publication is issued by

the Federation of Regional Accrediting Commissions of Higher Education

(FRACHE), a-body formed in 1964 to coordinate the efforts of the

regional associations.

Since the regional associations were among the earliest of the

accreditating agencies established and because they historic:ally were

concerned with general tandards of secondary and higher education,

they have assumed the nction*of accrediting total institutions

rather Than pireicular °grams of studies. The latter purpose is

served by various professional agencies, ECPD for one. Such professiecal

agencies are approved for their activity by the National Commission

on Accreditingl if an identifiable social need exists for accrec:itatic.n

of the'culPriculum in question. The professional bodies may lkarticipate

simultaneously with a regional asloociation in an accreditation 'visit,

or they may act independently. Each agency publishes a list of

approved curricula.

Accred,iting Activity in Engineering

; Technology

ECPD operates within the fr=e00k.of accreditation just described.

It has serveds the professional agency to accredit engineering programs

1The National Commission on Accrediting (NCA) was,,formed 'in
1949_by the colleges and universities of tte United States in order

to coordinate accrediting activities in higher education, for there
appeared ,to be in mid-century undue proliferation oe bodies conterned
with accreditation. NCA has exerted4.over .142 past two decades her-

culean efforts to bring order to what was, in 1948, a highly confused
situation.
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since 1932, and has maintained accreditation procedures for engi-

neering technology curricula since 1944.

Interest in'the accreditation of engineering technology currilbaa

had developed prior to 1944, as evidenced by this statement in the

ECPD Annual Report of 1945:

The movement to recognize technical institute programs was
given impetus at a meeting of representatives of a group of
institutions offerin terminal technical curricula of inter-
mediate type, held Pittsburgh in 1940. Those present
adopted a resoluti etitioning the Engineers' Council for
Professional Development to inaugurate the program of accred-
iting which is now being initiated. The intervening period
has been spent in studying accrediting procedures, in formula-
ting explicit principles and methods,, and in obtaining the

approval of the constituent societies which comprise ECPD.
These preliminary steps are now completed, angl the accrediting
program will go into effect the fall of 1945.-"

An,accrediting program did indeed "go into effect", ror seven cur-

ricula at three schools were listed as accredited the following

year, and,a permanent "Subcommittee on Technical Institutes" was found.:

The original Subcommittee.on Technical Institutes has undergohe

several changes in structure and organization since its original

appointment. Initially a subcommittee of ECPD'soCommittee on Erit-

neering Schools, it later became the Subcommittee on Engineeriol'

Technology Curricula of the Courtcil's Education and Accreditation

Committee; Subsequent reorganization of the Council resulted, in

October 1964, of the establishment of the Subcommittee as a standing

committee of ECPD and its designation as the Engineering Technology

Committee; at the same time, the name of the parent4committee was

changed to the Engineering Education and Accreditation Committee.

The Engineering Technology Committee of ECPD normally considers

for accreditation only curricull& offered in a higher institution

which is accredited by the appropriate regional association, but it

will also accredit Curricula where the regional association either

makes no provision for accreditation of dpecialized institutions or

demurs from tuch accreditation because of the organizational structure

of the institution. Curricula only, not institutions, are accredited,

and then only at the request of the institution. Both two-year and

four-year curricula are eligible fbr accreditation. A visitation

1W. P. Hammond, Chairman, SubcoMmitte,e on Technital Institutes,

in Engineers' Council for Professional Develba:Ment:AThrteenth Annual
Report (New York: The Counpil, 1945), p. 14.

9)
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teamcarefully selected-on the basis of curricula to be examined--

' visits the institution, reviews the curricula, writes a detailed

report, and recommends accreditation if the curricula meet established

criteria. Accreditation is granted, however, only if a program has

graduates who. are employed prior to the time df action on the visit-

ation team's report. ECPD also' has provisions for` recognizing pro-

grams with "reasonable assurance of accreditation" (if the programs

are in the planning stage) and programs which are "candidates for

accreditation" (if the programs are underway but' no classes have

graduated). No lists of "reasonable assurances" and "candidates"

are published, but the institution and the U.S. Office of Education

are' notified if such status is. granted.

Basis for Accrediting Engineering

,Technology Curricula

The Engineering Technology Committee lists a number of basic

qualifications for accreditation of an engineering technology clir-

riculam:

(1) Duration. Not less than two academic years,of full-/ime
'resident academic work beyond.the secondary school or
the equivalent in part-time resident academic work.

(2). Requirements for Admission. High school graduation or
equivalent, with a background in mathematics and science.

(3) Curriculum. Technological in'nature, employing the ap-
plication of physical sciences and the techniques of

11114,

mathematics to the solution of technical problems and
comprising a prescribed and integrated sequence of re-
lated courses in a specific field, though not excluding
a reasonable amount of elective appropriate subject matter.

(4) Instruction..By accepted class and ,,laboratory methods. .
w Laboratory work shall comprise an important part of each

curriculum.

(5) reaching Staff. Qualified as to education and professional

technical experience, and sufficient in numbers to pro-
vide adequate Attention to each student.

(6) Educational Institut4on. An organized school or a division
of an institution devoted to the specific aim of prov,i.ding

engineering technology programs; a stable organization
having adequate financial support, and demonstrated capatity
.and achievement in the engineering technology field. The

school shall demonstrably maintain a high stands d of ethics
in its educational program and in all its dealings with
studentsand prospective students. In in correspondence,

publishedmaterial,# and other public announcements, the
statements used shall be frank and factual and shall not
be misleading.

9 ,:



-86-'

C7) Physical EaciTities. Adequate for the purposes of the
curricula offered.

In the evaluation of engineering technology curricula, ECPD

relies on a list of criteria developed as the result of a national

study conducted by ASEE, the results of"Nhich were published in,1962"

ECPD normally finds a two-year curriculum acceptable if. it contains

approximately one-fourth academic year of mathematics beyond college

algebra and trigonometry, one-fourth year of basic science other

than mathematics, one-fourth year of non-technical subjects including

_oral and written communications, at least one year of technical courses,

and humanistic-social studies tamocomplete the program. Four-year cur-

ricula are currently accredited on the same basis, although criteria

are being developed especially for the baccalaureate programs.

Progress in Accreditation

Since 1946, when the first list of accredited curricula was

published, there has been an increasing activity both in accreditation

of new curricula and re-evaluation of previously accredited curricula.

Figure 7 shows the number of accredited cu'icula by yearand its table

displays the number of institutioq by year having one or more ECPD-

accredited curricula. Table 21 gives detailed historical information,

listing by name the institutions with ECPD-accredited curricula, and

indicating the number of curricula so accredited and the years in

which accredited.

The number of students enrolled in institutions having ECPD-

accredited curricula is of interest. In the fall of 1969, for

example, 23,669 full7time and 5,636 part-time students were reported

as enrolled-in schools having one or more curricula accredited by

ECPD. This compares to a total reported enrollment in engineering

technology programs of 110,975 full-time and 34,683 part-time students.2

Thus, approximately 21 percent of full-time students and 16 percent

of part-time students enrolled in engineering technology curricula

are attending institutions having one or more such curricula accred
I

ited by ECPD.

'American Society for Engineering Education, Characteristics
of Excellence in Engineering Technology Education (Urbana, Illinois:
The Society, 1962).

2
John D. Alden, "Engineering' and Technician Enrollments,

Fall 1969," Engineering Education, Sept-Oct., 1970, pp.31-47.
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FIGURE 7.--Engineering Technology Curricula Accredited by

ECPD, 1946 to Present .r
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DETAILED DALA_Number
of Institutions having

One or More ECPD-Accredited Engineering

Technology Curricula, 1946 to Present.

>.*

Year

Nqmber
of

Institutions

Number

9f
Curricula

1946 3 7

1947 7 14

1948 13 25

1949 19 53'

1950 .19 51

1951 22 64

1452 23 69

1953 26 80

1954 85

1955 30 91

1956a 42 117

1957 45 131

1958 47 137

1959 46 140

1960 46 146

1961 44 140

1962 44 142

1963 43 148

1964 44 148

1965 48 159

49 165

19 7 61 196

19 8b 63 204

1969c 68 235

1970d 89 283

aThe basis of reporting accreditation
status was changed by ECPD in 1962, So
that programs in branch campuses of the
same institution were reported separately
after that date: It has been possible to
correct data from 1956 onward 'to reflect
this policy chAge.

b,c ,dData includes baccalaureate curricula
at some institutions.
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TABLE 21 '-- Institutions Waving One or More4ECP0-tccredited Engineering Technology Curricula and Pumber of Curricula

9'

Accredited, by Year

Year

Lftatitution 46 47 48 49 59 51 52 53 54 55156 57 58 59,60161;62163 6465

Academy of Aeronautics 4 4 4 4 4 4 6 6 6' 6 6
I

4 4 5! 5i 6 ...6 3 3' 3 3 41 4AeronauticalUnimersity, The 1 1 1 1 2 2 1 111 1 1 1

i 1

t_

Akron, Universality of
,

+
t

j 2 2 2

Alfred, SUNY/ATC 4 4 4 4 5 5 '',5 5! 6 6 '6 !, 6 61 6

Bliss Electrical School . 1' 1 1 1 W
Blue Mountain Community College

_-:-.

2

Br:idgeport Engineering Institute 2 2 2 2 2 2 21 2

,--

Brigha Young University 34 la 31 3a

Bronx Community College
2 2 2 2 2 2 2 2

Broome Technical Community College
3 3 3 Y

Cal -Aero Technical Institute 1
1 1 1 11 1 1 1

.

Canton, SUMY /ATC
1 11 31_ 31 3 3' 3 3 2 2 2 2. 4444 444 , 4

Capitol InAtitute of Technologya 2 2 2 2 2 2 2 -2, 2 2 2 2 2 2 2 2 2 1 1 11 1 1 1 1 2c

Central Technical Institute
1 1 1 1 3 3 3 3 3 3 3 3 3 3 2 2 2 2 2 2 2 2

Cha;tanooga Steer Technical Institute
4 4

City College of San Francisco * 8. 8 8 8 8 8 8 8 8 8 5 5 5 ' 5

Cogswell Polytechnical College
I

2 2j 21 21 31 3, 3.! 3 31 3 3 3 3 : 3 3 3 3 3 3 3

Oajton, University of
-

3 3 3 '

3 i
3 3 3 3 3 3 3 3 3 3' 4c lc 4c

Del Mar Colfele
a

.t

4

DeVry Institute of Technology (Chicago) ' 1 1
i 1

1 1 1 1 1 1 1 1 1 1 1 1

DeVry Institute of Technology (Phoenix)
1

Eastern New Mexico University
2 2 2 2 2

Electronic Technical Institute
1 1 1 1 1.

Embry-Ride:ire Aeronautical universitYd
1 1 1 1 1 1 1 1 1 1 1 I 2,

Erie Community Collegea
5 5 5 5 4 4 4 4 4 4 4 4

Farmingdale, SUNY/ATC
7 7 7 7 7 7

Fayetteville Technical Institute
3 3 3 4

Franklin Institute of Boston 2 4 4 4 4 444 4 4 4 4 3 3 3 3 3 3 3 3 3 5 5 5

Franklin University 2 21 21 11 1 1 1 11 11 11 1

Gaston ColTegef

Grossmont College,
3

Harford State Technical College 3 3 3 3 3 3 3 3 3 3 3 3 3 5 5

Houston, university cf 5 5 7 7 1 6 6 e 6 5 5 5 1 5 5 6. 6 61L6g 69 5111

Hodson Valley Community College
7

Iowa State University
3 3 3 3 4 4 4 4

Indiana Univ.-Purdue Univ tindlanapolis 3c

Institute of Drafting and Technology
1

Latin Drafting College 2 2 2 3 3 3

Lake Superior State College
1 1 2 2

Lowell Technological Institute 2c4 2c

Michigan Technological University
2

Midlands Technical Education Center , 515

Xilwaute.e School of Engineering 3t 414 5 5 5 5 5 5 1 5 5 5 6 6,6 6 6 6 8 8 8 ,8 1121"
Mohawk Valley Community College T 1

2 2 , 2 2 2 2, 2 2 2 2, 2 2, 2 3 3

Nevada, University of 4

New Hampshire Technical Institute
3

New York City Community College

Northeastern Univ Lincoln College
2g'

Northrup Institute of Technology
1 1 1 1 1 1 1 1 2 2 2 3 3 3 : 3 3 3 3 3 2

Norwalk State Technical College

0410 College of Applied "Science.' _1 1 11 11 2i 3L 31 3 I 4; 4 I 41 41 4141 51 51 5 51 65 6166
Ohio Technical College RA :1 1 11 1 1 1 1

Oklahoma State University 8 8 8 8 7 7 7 7 7 7 7 7 6 6 6 6 6 6 4 4 4 4

Old Dominion University
3

Oregon Technical lnslitute 2 2 2 2 2 3 3 4 4 4 6 6 6 6 6 6 6 147

Pennsylvania State Cniversicik 3 3 3 3 3 3 3

PSO, Allentown Campus
2 2 2 2 2 2 2 j 2 2 2 2 2 2 2

PSb, Altoona Campus
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

PSU, Beaver Campus
2 2 2 2

PSU, Behrend Campus]
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

PSU, Berks eampupa-
1 1 1 1 2 2 2 2 2 2 2 2 2 3 3

PSU, Delaware Campus
1

a 1

ea.



Year

Institution 16 47148;49 50 51 52 53 54 55 56 57 58 .59 !60 6116i 63 64 65 86 68 69 70

PSU, Dubois Campus-
2 2 2 2 21 2 2 2 2 2

i67

'2 . 8 2 2 2

PSU, Fayette Campus
1 2 2 2 2

PSU, Maxelton tampus
2 2 2 2 2 2 2 2 .2 2 2 2 2 3 3

PSU, McKeesport Campus
2 2 i 2 2 2 '2 2 2 2 2 2 2 3 3

PSU, Mont Alto Campus
2 2 'e2 2

PSU, Mew Kelis ngton Campus
2 2 2 2 2 2 2

PSU, OgontK Campus
2 2 2 ! 2, 2 2 2 2 2 2 2 ' 2 ! '2 2

PSU, Schuylkill Campus^
1 1 1 1 1 1 1 1 1 1 1 1 1 2 2

PSU, Shenango Valley Campus
2 2 2 2

PSU, 11.11kes-Barre Campus
2 a 2 2 2 3 3 3 3 3 3 3 T 3 3

PSU, Worthington Scranton CariT.s°
2 2 ,2 2, 2 2,2 2 2 2 2 2 2 2 2

PSU, York Campus
2 2 f 2 2 2! 2 2 2 2 2 3 -3 3 3

Phoenix College

Purdue University

Queensborougn Community College

3 3 3 3 3 4 A 4 4 4 4 4a 44

1 1 1 1 1 1

RCA Institutes

Ricks College

1 1 1 1 1 1 / 1 1 1 1 1 1 I 2 2 2 2 2 1 1 1

e

Rochester Institute of Technology L 4 4 4 4 4 4 4 4

Sacremento City College
1 1 1

St Petersburg Junior College
1 1 1 2 2 *2

Sinclair Community Col'ege

Southern Technical Institute

Sparton School of Aeronautics

2,2 .2 2 2 2 1 1 1 1 ' 1 1 1 , 2

7 7 7-% 7 8 8 8 B 8 8 8 8 8 8 9 8 8 8 a 7 1: 19

3 3 3
Spring Garden CollegeD 5 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

V'ecnnical Education Civ Philco Corp
1 1 7 1 1

Temple Jniversity, Tecn Institute
2 2

'exas, !,niv of at Arlington 4 4 3 4 4 4 4 ' 4 4 4 4 4

'names Valley State Tech :ollege

Valparaiso "ecnnical Institute

Vermont Technical College

3 3 3 3 3 2 2 2 2 2 1 1

5 5 5

ward School o' Electronics
2 2

Waterbury State Tech College

weber State College
5 5 5

Wentwortn :rsti cute

west ory,a :nst -ech

4 4 4 4 4 4 .5 S 5 5 5 p 19 11 12 12 12 13 13 13 5 15 45 15 15
i 1i 1 1 .

'1n3!ucles 2 oacca.aureate program,

'Pormer.y, Caitol Padio Erg'^eer'rg

:rc'ades twocalaJreate program

'concerti, Emory-Ridale Aerora.tical rsttun;

ev,,..vit4r77'e :;vnty 'echrical ,n,
to

'cormerly, Sisto, 'echricallIrstlt,te

AT oaccala.reate orograms

"vormerlY: Ficnland ecnnical Educatl,, :enter

lFormerly. .ecnanloa ,rst,t,te

:Includes 7 PaccahaJreate crograms

FAccred titlort originall,

to show status or individual

lrov.wn,y, Eel. :enter

'Formerly, Wyomissing Center

rformer'y, PO t tS 11..5pr:enter

oror,wrly, ,_r4,-toe :enter

PEormer'y, Jor-,g Saroen InstitJte

tertors: data 'rc, ,356 pnward nave tee,' co-rectel

1-

11"

*K"
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Current Issues,

Accreditation of

Baccalaureate Programs

A major issue confrontitg ECPD, one not completet resolved at

-4this time, is that oraccrediting baccalaureate engi ering technology

programs. In anticipat4on of the problem, ECPD had riaugurated.a

study of four-year programs in 1964;- a committee, chaired by Dean

H. E. McCallicklof the University of HousQ\'issued a report in. June,

1965. As a result-, ECPD revised its statement on Objectives and

Procedure to recognize that engineering technology programs "normally

lead to the associate or baccalaureate degree." In tht meantime,

a request for accreditation of a baccalaureate engineeVO.ng program

hard been received. Lacking criteria, ECPD postponed action, but

charged the McCllick committee to develop guidelines r the eval-

uation and accreditation of such programs. Simultan Sly, another

ECPD committee with Deah M.,R..Lohmann of Oklahoma State University

as Chairman was appointe "to consider in, depth the problem pre-

sented by the request for accreditation of four-year curricula in

engineering technology." The two committees articulate4-their

efforts. ECPD accepted theirecofnmendation that the criferia being

used for two-year curricula be applied also to four-year programs.

Subsequent to the official action by ECPDisl\Board'of Directors,

baccalaureate programs at 12 institutions have been accredited. In

addition, in 1970 a set of "Guidelines for^Interim Criteria for

the Accreditation of Baccalaureate Degree Programs in Engineering

Technology" were presented to the ECPD Board of Directors.'

A number of problems, however, remain:

(1) Evaluative criteria relating specifically t thd

baccalaureate program have not',been adopted.

(2) The National Commission on Accrediting, although. it

has recognized ECPD as an auxiliary accrediting agency for matters

relating to the associate degree, has nat recognized ECP5'for

accrediting baccalaureate engineering technology programi.

(3) There appears to be considerable uncertainty about

the place of the graduate of a four-year engineering technology

program in the spectrum of technological occupations; although data

1.

19eeECPD, ,;p.cit., p.16 for a summary of these guidelines.

s 1_0 r

0
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I

are being accumulated, there is yet too little expeience with the

graduates of,baccalaureate engineering technblogy programs tol

evaluate their competencies or career roles.
T

(4) Not all of ECPD's constituencies agree than the Engi-

neering Technology Committee should havt responsibility-for the

accreditation of baccalaureate programs:

The accreditation of baccalaureate engineering technology pro-
.

grams by ECPD has many implications for institutions which offer,

associate degree engineering technology curricula. Among the questions

raised, these appear impqrtan.

o (1)' How will accreditation'atfect transfer opportunities from

associate .degree programs?

(2) Will the'existence of accredited baccalaureate programs

compromite the integrity of existing associate degree curricula?

(3),,, Will enrollments in associate degree programs be changed.

as a result of the inauguration of baccalaureate programs?

institutions have already noted substantial.increases in fresh tan

oienrollmentS, and attribute the effect to the availability of a four-

year,program in a neighboring senior institution.)

(4) What implications for curriculum ,revision exist at the

lower-division level when upper-division prtgramg become accredited?

(5) Will-some baccalaureate programs become a source of

instructors for associate degree curricula?

(6) Will there be an appreciable change in the educational role

of institutions which offer associate degree programs, that is, will

;hey become essentially "tvansfir" institutions?

The 'answers to these and similar questions are likely to remain un-

,known for several years;-the resolution of the problems they imply

are likely to be a dlcitical issue for a decade or more.

Continued Lack of Interest
by Community Colleges

/

Since 1961, the American Association of Junior Colleges has

taken an official%stand against the accreditation activities in

two-year institutions of all specialized agencies, ECPD included.

In January of 1965, a resolution of AAJ'C instructed their members

on the board of theNational Commission on Accrediting to ';secure

NCA initiative and leadership to reconcile and to systematize the

4
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diverse elements and organizations in specialized and general

accreditation..." NCA has expressed a commitment toward this goal.

-------___

Thl AAJC has two basic concerns about accreditation by specia14,

ized agencies; these relate to cost and to the proliferation of

accrediting agencies. Regional accredit'ation, the junior colleges

feel, is an adequate assessme t of program quality.

7

A study conducted by the enter for Research and Developnient in

Higher Education, University of California at Berkeley, and supported

by the U.S. Office of Education focused on the problem.' The study

report contained conclusions that the anxiety of two-year colleges

about proliferation and 'cost were largely unfounded, that the problems

institutions face with regard to specialized accreditation are, largely
-

sociological in nature, that problems related to licensure and legis-

lation are the real concern, and that accreditation is likely to con-

tihueas a problem for two-year colleges for the next decade.2

In/spite of the official stand of the majority of AAJC members,

however, some community colleges have sought and achieved accredita-

tion of their engineering technology programs. The current ECPD list
S.

contains 15 such institutions having a total of 42 curricula so accred,

ited. It is certain that many other institutions have patterned their

engineering technology` curricula after those in the colleges with ECPD

accredited curricula. As a consequence, a,number of programs exist

which satisfy ECPD's criteria, even thoukh these programs have not

been formally evaluated. Some observers comment tr- the_exemplary

role of the schools on the ECPD list, fs individul institutions, has

been more significant in improving the quality of engineering tech-

nology education than has been the formal accrediting procedure. 2

The dilemma related to accreditation of engineering technology

programs in community colleges is likely to remain' unresolved for

some time.

Evidence of Interest by .

Bodies other than ECPD
'4)7>

In addition to the interest shown by ECPD, the (eneral domain of

technological education has attracted the attention jof several other

profess'ionA,1 bodies. The National Association of Trade and Techniqal

'Lloyd E. Messersmith and Lelap,d L. Medsker, Accreditation of
Vocational Technical Curricula is Postsecondary it-stitutions 4Berkeley:

Center for;a4earch and Development in Higher Education, 1969).

2Ibid., pp.59-75 o

1 0
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Schools, -the American Vocational As&ociation, the American Teclknical

Education Association and the newlyormed National As'sociation for

.-' Industrial Technology are examples of the groups which are con?idering

some of the areas which interface with and--in'some cases -- overlap

the areas of concern of ECPD. Betweeritand among these and other

bodies, problems of cooperation, coordination'and communication are

N. certain to become critical issues for the future.

NI

11,
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CHAPTER 6

CHARACTERISTICS OF FACULTY MEMBERS IN ASSOCIATE DEGREE

ENGINEERING TECHNOLOGY PROGRAMS
-$

This paper is the report of a sttklf of a selected sample of

faculty members at institutiohe which offer associate degree engi-

nearing technology curricula. It includes summary information about

such characteristics a educatidnat background, teaching 'experience;

inclustral experien , participation in- professional activities; and

scholcirly publications; it presents an overview of faculty perdeptions

about the strengths and weaknesses of the programs in which they

teach; and it reports faculty member's attitudes toward the "critical

issues" in engineering technology education. Possible differences

in faculty characteristics which may be related to the discipline of

teac.hing or the institutional setting ;are ana'yzed and discussed:

Procedure

Information for this 'report was summarized from data supplied

by deans or other administrators, from comments written and submitted

by faculty member,.and from notes made on personal interviews with

-faculty members at institutions visited for:that purpose by the chief

investigator. Originally, 24 institutions were visited, apd individual%

or group interviews with more than,_150 faculty members were held. ',Not

all 24 participating institutions, however, submitted all' the documents

which war needed, so that complete data were available from only 17

411
Inetitut. r1". Faculty characteristics' such as degrees, teaching ek-

perienCe, industiA1 experience and the like were elicited by means

IN- of a "Faculty Profile 'ata Sheet" completed by an administrator;

faculty members were not identified in any wax to the chief investi-

gator, Faculty attitudes and perceptions were supplied in the fort/
.. .

of wri ten documents submitted by faculty committees at each of'the

parti patihg institutions'; "content analysis" techniques were used ....

by th chief investigator to produce a summary.

Sample

The sample of faculty member9(includes 404 individuals at 17
. ,

institutions; the sample is reasonably distributed by geographic

regi6n" of the country, by technical specialty, and by institutional

setting.. The following tables and discussion describe the sample in

detail.

-97-
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Table'22 shows the distribut- ion of the sample by region and hy

nature of teaching assignment, that is, ,'technical" or "general

subjects. For purposes here, teaching assignments in English, math-

- ematics, natural science, humanities and social studies were termed

general subjectb; all others were, therefore,. considered techniCal

'subjects. The tablet reveals that 274 of the 404 faculty members in

this sample'(ahout 68.percent) were teaching such technical subjects.
7

TABLE 22.--Distribution of a Sample of 404 Engineering Technology

Faculty Members by Region, and by TeAchigg Assignment.

Ge4graphic
Region

Number of Individuals, by Assignment

General Subjects Technical Subjects All Subjects

Northeast

Southeast

North Central
South Central
West

38 91 129
45 % 47 92
40 67 107
5 32 37
2 37 39

TOTAL 1 274 404

To some extent then, technical faculty appear to be slithtly over-

represented in the sample, for associate degree engineering tech-

nology curricula usually contain only about 55 percent of their credits

in the technical areas, (see ChapIer 2), so that one might expect to

find just 55 percent of the faculty teaching technical 'subjects. Such

an expectation is not entirely justified: it must be kept in mind that

class sizes in general subjects are often larger than in technical

subjects, so that some skew of the technical/general faculty ratio

in the technical direction should be expected;, furthermore, technical

subjectsespecially 'aboratories- -often have special additional faculty

manpower requirements, a factor which also tends to skew the faculty

ratio. On the other hand, one factor in the research design has pro-
:

duced a'real bias: in institutKons where the teaching responsibility

for general subjects lay outside the control of the engineering tech7

nology unit, no data on "general faculty"'were collected. This bias,

however, is small hecause only a small number of th'participating

institutions had such an administrative pattern.- In 1,ny case,.the
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over-represent'ation in the sample of faculty memberS tea-Ching tech-

nibal subjects is not considered serious:

The 404 faculty members in the sample taught in three major

institutional settings, dehned as follows:

Monotechnical Institd.tea--single purpose institutions having

engineering technology education as their sole institutional

objective;

Polytechnical Institutea--institutions with a variety of object-

ives related to technicarand occupational fields, including

programs related to business, health and public service as well

as to engineering;

Comprehensive Community Colleges -- institutions which include an.

occupational- technical program as well as a liberalt arts or pre-

professional "university parallel," "transfer" program and an

adult education, community service program.

Of the 17 institutions participating in the study, 4 were classifiable

as monotechnical institutes, 7 as polytechnical institutes, and 6 as

comprehensive community colleges. Both engineering technology enroll-

ments and size of eueneering technology factilty, howsver, were apprec-

iably smaller at the more multiptTrpose institutions, so that the

largest proportion of the faculty members in the sample came from

monotechnical institutes. This is indicated in Table 23, which shows

the distribution of the sample by institutional setting and by teaching

assignment.

TABLE 23. *Distribution of a Sample of 404 Engineering Technology
Faculty Membe'rs by Teaching Asignment and by Institutional
Setting

Institutional 0

Setting

Number of Individuals, by Teachin.g Assignment

d

General Subjects Technical Subjects All Subjects

Monotechnical Jnstitution

Polytechnical Institution
Comprehensive Community
College

TOTAL

80 124 204
39 109 148
11 41 52

130 274 404

The facility members in'the sample were distributed by discipline-

as'shown in Table 24. Examination of TatIe 24 reveals that in the

sample the iargest number of technical facultymembers is associated

with the electrical /electronics area; the number. of individuals related

10
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respectively to the mechanical, drafting, and civil areas follOw in

that orper. .Other research' has shown'that the distribution by

technical specialty of both students arid graduates folaow patterns
.

similar to 'this one; such consist-ell-10.e
/

support an assumption that. -

the sample of ongineering technology cylty members considered here

adequately representative.

TABLE 24.--Teaching Disciplines of a Sample

Techno;Ifigyfaculty-Nemb,er's

404 Engineering

Teaching Discipline Number of Faculty

4

tivil Technology r 33

-4 Drafting, Drafting Technology 44

Electrical/Electronics Technology 95

__ Mechanical Technology , 59

Other TechnologyAreasa 37

English, Communications 3Q

Mathematics 40

Physics, Chemistry 35

Humanities/Social Studies 21

Other and no response '10

TOTAL 404

alncludes Aeronautical, Air Conditioning, Architectural,'Chemical,

Computer, Heating, Industrial, Management, Textile, and Environmintal

11.

Rank

Faculty Characteristics

While not all the partidipating institutions conferred academic

rank on their faculty members, the majority did. The number of indiv-

iduars reported in each of the traditiorl rank Categories is shown

in Table 25. The category "other" in the table 1ncludes titles such

as "laboratory instructor," "special lecturer," and the like. The

table reveals that, while only a small fraction of enginedkicg tech-

nology faculty Members carry "full professor" titles, the majority

(234 individuals, 58 percent of the total) have "professorial" rank

1See, for exaMple,Chapters 7 and 8, herein.

10,5'
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TABLE 25.--Academic Rank of 404 Engineering Technology Faculty mAspers

.As:demfc Rank Numberof
Individuals

Percentage

of Total

Professor , 15

Associate Professor $7 22

Assistant Professor 125 31

Instructor -113 28
Other .1 19 5

Rank not ape1 icab9e ( 38 9

TOTAL 404 100

in one of the three grades traditionally used. An appreciably smaller

number (132 individuals, 33 percent of the total) are in the "instructor"

and "other" grades. If it is assumed, that the individuals in the "Rank

Not Applicable" category would be distributed proportionately to the

five rank categories were rank available to them, then approximately

64 percent-of the engineering technology fletulty members in this sample

would have professorial ranks and 36 percent would have less-than-prof-

essorial rank. The inPerenoe fol;kws that engineering technology faculty

members are predominantly tenured and experienced teachers whose achieve-

ments and competencies have received recognition in the form of academic

rank or title.

Educational Backgrounds

Collectively, the 404 faculty members the sampple had earned

50 associate degrees, 373 bachelor's degrees, 217 master's degrees

and 14 doctor's degrees--a total of 654 such awards; only a small

number (3 percent of the sample) reported, no degree, and these were

most often individuals with special credentials such as an FAA license

or a journeyman iachinist's rating.

His,highest earned degree is usually considered the credential

most descniptive of the qualifications of,a faculty member. Table

26 summarizes this information for the engineering technology faculty

members in this sample. Examination of the table reveals that 93

percent of these individuals hold bachelor's or higher degrees and

55 percent hold master's or higher degrees.

Detailed analysis, of the data revealed no statistically significant

differences in the distribution of faculty credentials by institu-

tional setting and by teaching assignment were studied. Tables 27 and

10'1
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TABLE 26.--Highestgree _Credential's Possessed by e Sample of

404 Engineering TeChnologyFaculty Member.s

'Credential ,
, 2

Individuals Possessing Credentials

Number Percintage

.

Les-s-thah 3achelor''s Degrees .34 8

BaOhelor's. Degree 149 37

Maters Degree :207 411111i2
4

Doctor's Degree .

. 14' 3

, 'TOTAL 404 100

almcludes isvciate degrees, diplomas, and certifidates.

1P°

4

4

TABLE-27.--bisth6Ution'by Instittionel Settingof Highest Uegreei
for-a Saute of,404 Engineering TechRology Faculty Members. f'

e, ti

Percentage' off'Falcully, by Institutional Settinga

Hi ghest'tegree

Total

Less thah BaChelor'sb 10, 7 4 8'
Bachelor's 35 43 27 37

Master's 51 48; 61 52 '

Dgctor's, 1 -2 8' 3

a
M=monotechnical institutes, P=polyteOlinic institutes, C=com rehensive

community colleges a5 defined fn thisipaper.

4

b
Includes aSsoc4ate degrees, diplomas, and certificates.

, 28 contain the .data. Table 27, for example; displays the distribution

by institutional setting of the percentages of faculty members having

various highest academic gredintials. It is readily apparent from the

table that engineering technology faculty members at community colleges.

more often possessed advanced degrees,than did their counterparts at

monotechnical or polytechnical institutes. Furthermore, the largest

number of faculty members without bachelor's or higher degrees were

employed by monotechnical institutes. Table 28 shows data similar to

that of Table 27, but includes only faculty members teaching technical

subjects, a subset of 274 individuals from the total of 404-in the

sample (se,..riable 23 and accompanying discussion). The data in Table

28 do not reveal'any new relationships iby institutional setting And

I)

.
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TABLE 28.--DistributiondayAnstitutiona,1 Setting of Highest Degrees
for 274 Enginesiting Technology Faculty Members who teach

Tec,hh,ical Subjects .

.

*

Perceritage'-of Faculty, by Institutional Settinga

Highest Degree

C Total
,,

Less than Bachelorcs

,'--Bachelor's
-p-JMaster's

'Doctor's
- ,

16

,37

4

7

,45

45

_ 3 i'

,5

32

56

7

'11

39

47

3

c'Seefootnotes, Table 27.

lead to the same'inTerences as just stated. On'the other hand, a com-

'parison of the clat4 in the tWo tables suggests that engineering tech-

nology faculty meMbeF who te4Cb technical 'subjects may have fewer

advanced degreesthan'those who teach general subjects;, the differences,

however; are stall`

A&i-eement of Educational Background

with Discipline of Teaching,

An investigation was Made of'holw well the educational bAckgroupds

of each of the 414 engineering technology !acuity members corresponded

to their teaching 4signment. "Agreement"-was based on direct cor-

respondence of the discipline of the degree and the discipline of

teaching. (For example, an individual with a4 B.S. in civil engineering
6

who was teaching surveying was scored "agree," an individual wi±h,a

B.S. in physics who was teaching electronics. was scored "disagrees",

aid an individual with a history major whq ;was teaching English was

scored "c1411p4ree:") Table 29 gives the' results. eAs can b; noted

from the .table, a substantial majority of the faculty Members were

teaching in their Major field. Detailed analysis showed that per -

centage of "agreements" was '(1) slightly higher for faculty members
1

teaching technical subjects than for those teaching geneFil subjects,

and (2) somewhat lower fOr faculty members in comprehensive community

colleges than in other institutional settings. In each instance,

athe differences were small, as indicated in Table 30.

Teaching Experience

The 404 faculty member in the satple reported their prior teach7

ing experience. Table 31 gives a summary of the data. The range in

the clta repbrted was.0-39 years; the mean was 8.7 years. The data

at
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TABU. 29.--Agyeement of Educa4ionat Background and Discipline of Teaching

of a Sample of 404 Engineering Technology Faculty,Member's

`Number of
Condition Individuals PerC*ntage

/ -

Background and assignment agree 322 80

Background and assignment do 1pt agree '60 15-

Data Insufficient for analysis 22 5

TOTAL- 404 100

TABLE 30.--Percentages of Background/Assignment Agreements for Engi-
neerins Technology Faculty Members of Various Categories

Faculty Category
' Percentage of Background/Assignment

Agreements'f

-T,00

Technical Faculty
MoKotechnical Institutes 84

Polytechnica#1,Institutes 83

Comprehensive Community Colleges 71

Total,All Settings 82

All Faculty

Monotechnical Institutes

Rolytechnical Institutes 81

Comprehensive Community Colleges 71

Total, All Settings , 80
I

TABLE 31.- Aggregate Prior Teaching Experience Reported by a Sample
'VP

of 404 Engineering Technology Facy.lty Members

err ,

PriOr'Te,ching Experience Number of Individuals

0 - 4 Years 159
5 - 8 Years 102
9 - 12 Years t . 55.

13 - 16 Years 37

17 - 20 Years 18
,21 - 25 Years , 14 4

Over 25 Years . 19

4 TOTAL 404

-10
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showed nearly identical patterns et teaching' experience for all insti-

tutional settings and for the nature. of the teaching assignment, that

is,,'-technical or general studies. That a substantial majority of the

faculty members in tile sample reported teaching experience of f=ive or

mere fears is consonant with the distribution by'academic rank of

this group, previously discussed: 61 percent of, the sample have five

or more years experience; 58 percent are listed in thsb "professorial"

ranks (ee Table 25.).

Industrial Experience
0

The faculty members in the sample reported the number of years

industrial experience they possessed. Table 32 contains summary

data. The range reported was 0-43 years; the mean was 6.5 years.

TABLE 32.--Aggregate Industrial Experience Reported by a Sample
of 404 Engineering Technology Faculty Members.

Industrial Experience Number of Individuals

None 98

1 - 4

5 - 8

Years

Years

116

80

9 - 12 Years 44

13 16 Years 27 '4

ly - 20 Years 20
21 - 24 Years 7

25 Years or More 12

Ietailed analysis f the data revealed only minor difference

in the pattern of in'u trial experience for the faculties of mono-

technical institutes, polytechnical institutes and comprehensive

community colleges, but showed some differences when t nical faculty

ierhand total faculty were compared. Figure 8 indicates hese results.
-

As might be expected, the proportion of "technical" faculty members

with industrial experience is greater than that for the sample as a

whole. The interesting finding is that the proportion of "all faculty

members, all' institutions". without industrial experience (25 percnt)

is appreciably less than the proportion'of faculty members teaching

"general" subjects (32 percent); thus, many engineering technology

faculty members whose teaching disciplines are mathematics, natural

science,'English, or humanities/social'studies have industrial exper-

iende, ,a condition which some observers would commend highly.

1j



(

-106-

FIGURE 8.--Proportions of Engineering Technology Faculty Members
Reporting Various Amounts of Industrial Experience.

All Faculty
Mondtechnical

Institutes

All Faculty,
Polytechnlcal

Institutes

30%

111111111

70%

24t.

41

liAl %acuity, tompr,e-

e

've Community

Co f ge

All Faculty,

All Institutions \

25%

8%

76%

Te-chnical Faculty

Only, All Institutinnsi

15% ( .

75%

85%

9'2 %

LEGEND

None 4P-7 years 8-14 years
-44 IIII

15 years

and more

Licenses, Professional Registration

The faculty members in the sample reported their possession of

a license or professional -registration. Table 33 givesa summary of

the data. A detailed analysis of the data showed no significant

differences in the porportions of license-holders by institutional

setting; Table 34 contains the results.

Memberships in Technical
and Professional Societies

The 404 engineering technology faculty members in the sample

reported their participation in professional activities in terms of

memberships in technical or professional.societies. For the purposes

here, prqfessional societies were defined as organizations principally

1 '
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TABLE 33.--Licenses Reported by a Sample of 404 Engineering Tech-
nology Faculty Members,

F

Number Percentage of
Type'of License Reported Sample

Professioil EngiWeer, 66 16-

`Regisfered Land purveyor 11 3

Enginpering TechAiciana 11 3

Other° . 37 9
.

.

Y

TOTAL 125c. 28c

alncludes grades of,"EngineeriKg Technician" and "Senior Engineering
Technician"

1

bIncludes Architect, Landscape Architect, Registered Engineer, FCC '

Aiiic,nse, FAA License

0

c12 individuals reported possession of two licenses; thus 113
individuals (28 percent of the sample) possessed vie or more 1 icensiosi

TABLE 34,--Proportions of Engineering Faculty, by Institutional
Setting, with One or More Professiohal Licens'es, k

Institutional Setting Percentage of Faculty with
One or More Licenses ,

MonoteAnical Institutes 26

Polytechnical Institutes 30

Comprehensive Commuhity Colleges- 31

TOTAL SAMPLE 28

4

related to the practice of the engineering or teaching Professions,

(for example, ASEE, NSPE, state societies of PE's) and echnical

societies'were defined as organizations concerned primarily with one

of the aieciplinee of engineering (for example, IEEE, ASHE; ASCE).

A total of 732'such memberships -- professional and technicala-were

reported, with nearly foil-Pr-fifths of the individuals in the sampie

reporting one or more memberships. Table 35 shows the data.

Publications

The faculty members in the sample reported the nUmber of pub- °

lications credited to theM in terms of theses, dissertations, articles

rp.
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TABLE 35.--Professional and/or Technical Society Memberships Reported...)

by a,Sample of 404 Engineering Technology Faculty Members.
.

fi
Number of

Item Individuals
Percentage
of Sample

Individuals with one or more memberships 315 78

Individuals with one or more professional
243 . 58society memberships

Individuals with one or more technical
society memberships

Individuals with one or more memberships
124 31 #in each type of society

I

186 46

iP

in scholarly, trade or professional journals, formal papers,, delivered,

texts for which they were the author or contributing author, and

others. A total of 970 publications were reported. Table 36 contains

the data.

TABLE 36.--PublIlations Reported by a Sam'sf.e of 404 Engineering

Technology Faculty Members.

Type of Publication Number

Theses, dissertations 92

Other Research studies 174

/
366

/. rohmal papers delivered 256

Texts 36

Other publitations 46

. TOTAL 970

Faculty Recruitment

MP`

Administrators in the engineering technology units of the par-

ticipating institutions wei4 asked what strategies/they used in the

recruitment of faculty members. Most administrators stated that they

recruited principally from individurils employed in local industry,.

and that a major factor in their hiring decision was their personal

acquaintance (or that of a staff member) with the individual being

116
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recruited. Other strategies were also listed. The recruitment tech-

niques reported are listed in Table 37 in rank order of repoit'frequency.

/
TABLE 37. --Stategies Used for Recruitment of Engineering Technology

Faculty Members, As Reported by Selected Program
Administrators.

11(

Recruitment Stategy
Rank Order of

Reported frequency
of Use

Recruitment from local industry 1

Advertivment in technical Journals 2

Advertisement in newspapers 3)'

Recruitment from college placement offices 4

Recruitment from teacher placement agencies 5I

Recruitment from teachers employed elsewhere 6

Review of "blind" applications 7

Faculty Attitudes

Faculty members in the sample were given opportunities to express

their attitudes about their jobs 4nd the curricula in which they were

teaching. The comments were of the "free response" type, and have

been paraphpased or abstracted in the following paragraphs\

Sources of satisfaction--Facllty 'members enjoyed "observing

students grow...,li "being involved directly in the education process...,"

"getting a job done...," "helping solve the [technical] manpower

problem...," and "working with young people..." They liked the "re-

laxed academic atmosphere" as contrasted with "the pressures of

industry." One expressed satisfaction with "...the chance to utilize

fully my technical background," and several stated they enjoyed the

"challenge" of Veachint. The series of comments focusedzon general

satisfaction with the academic environment in which these teachers

worked.

A

Sources of dissatisfaction--Faculty members expressed some con-
"

cern about "lack of communication on campus," "...interference from

'tradition-bound' [colleagues]...,," and the "lack of time to keep

abreast of the technical field," but few major dissatisfactions were

expressed. Some voiced complaints about "lack of budget for equip-

ment and supplies" or "insufficient funds for operation", but these

matters, from the tone of the responses, seemed to be irritations

rather than major dissatisfactions.

11 .-"1
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A
Perceptionh about curricutum--The majority of thefacultY*Mbers

who responded perceived the engin
1
ering technology curricula at their

institutions as being "excellent" or "strong" in the technical course

content. Most identified the "'hands-on' method of instruction" or

the "practical approach to problem solving" as a special strength of

these curricula. They seemed, however, bothered by factors'of "image";

they often expressed a "lack of understanding," or a "Pack of acceptatce"

as unfortunate weaknesses; some deplored the "second-class citizenship"

status in which their students reputedly were held. alit the Most

-r- frequently expressed perception was that the engineering technology
-

curricula were not attracting sufficient numbers of qualified students.

Positive sentiments, however, predominated in expressions of faculty

attitude.

Faculty Assessment of
Critical Issues

Engineering .technology faculty members were asked to express,

in "free response" format, their concepts of the critical issues in

engineering technology education. Iii.rank order of frequency of

identification, the following prefthlem areas were most often mentioned:,

1. Development of public understanding of the nature

of engineering technology education.

2. Recruitment of students. 6

3. Adequate funding 41! existing and emerging programs.

4. The emergency of the baccalaureate program in engineering

technology.

Other issues identified include needs for reduction'of attrition

rates, articu$tion with senior institutions, and better feed-back

from industry.

Summary /

A study was made of 404 engineering technology faculty members;

274 of whom were teaching tkOnical subjects and 130 were teaching

general subjects. The individuals in the sample were reasonably

distributed by geographic region, institutional setting, and teaching

discipline, so that the summary data to the sample adequately pro-

vide a profile of engineering technology teachers.

More than 60 percent of such faculty members hold academic /tanks

of assistant professor or higher; .37 percent are teaching with only a

bachelor's degree but 55 percent hold a master's or higher degree.

11J



On4418,percent have less than a bachelor's degree. These faculty

members are usually found teaching in the discipline in which their

degrees were earned; this was true in 80 percent of the cases examined..

Engineering technology faculty members have a mean of over '8

years of teaching experience and_nearly 7 years of industrial, exper-

ience. 'About 28 percent of them hold professional licenses of one

sort or anther, and 78 percent of them hold membership in professional

.or technical societies. These individdals also publish scholarly

works, 'Elle 404 of them having been credited with an aggregate of 970
0publications.

Currently, engineering technology faculty members are reported

as-being recruited most often, from individuals loyed in industry,

although other strategies are also used. Thes culty members find

satisfaction with the "challenge of teaching," have some concerns about

budget for their programs, believe that the "practice-oriented" cur-

riculkm is a strength of their program, and_identify the "poor public

image" of engineering technology as the most critical problem in the

area of engineer(ng technology education.
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CHAPTER

STUDENT TECHNICIANS: A STUDY OF SOME CHARACTERISTICS

OF STUDENTS EAOLLED IN ASSOCIATE DEGREE

ENGINEERING TECHNOLOGY PROGRAMS

This paper describes briefly some characteristics of students

enrolted in selected associate'degree engineering eec nology curricula.

It gives.soma statistical information about their socioeconomic back-

grounds, their high 'school preparation, their motivations and aspir-

ations, and their perceptions of factors which influenced them in

making careerca1,eer choices. Data were obtained from questionnaires dis-

tributed to students at vari.avus institutions which offer associate

degree engineering-technology curricula.

The Survey

The Questionnaire

The survey instrument used in this study was a questionnaire

of items (see Appendix E). A pilotstudy,;Obased on a 27-item

questionnaii4e, had been conducted; the experience with the pilot,

however, showed that two items' (numbers 14 and is in the original)

were i,edundant'and cguld, therefore be eliminated. The final

instrument was ,printed without renumbering items and with the re-

dundant questions omitted.,
2

Procedure

The questionnaires were distributed to selected students by

faculty members or administrators at participating institutions.

Students completed the questionnaires anonymously and returrned them

to their institution. The institution, in turn, submitted the

questionnaires to the ETtS Staff for analysis. Institutions had

been requested to solicit responses from engineering technology

studs in the second or a later term of the curriculum, but

sampling procedures were not specified. Although the sample was

not controlled, the general internal consistencies in the data

generate some c2afeidence that. they are reasonably represeritative

and hence acceptable for the purposes'here. .Furthermore, the

principal investigator interviewed approxiMately a dozen students

al each of the participating institutions and found high degrees

of correspondence bet%4een information elicited by interview and

1 9",
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that obtained from the questionnaire.

The Sample -

The survey generated 1241 completed questionnaires Trorrrstudents

at 16 different institutions, althOugh not all responses on all

questionnaires were usable. Some general characteristics of the

sample are summarized below:

- --1212 of the respondents were male, 29 female (women constituted

only 2.4 percent of this sample)

- --281 (23 percent) of the respondents were married

- --92 percent of the respondents were attending college full-

time; 8 percent, part-time (it is believed that in the

total population of associate degree engineerii technology

students, part-time students constitute a proportion somewhat.

.7. greater than 8 percent; hencp part-time students may be under-

represented in-the sample)

---252 were attending colleges loc4ted geographically in the

northeast region of the-United States; 376, in the southeast;

118, -in the'north central sectionl; 241 in the south central

section; and 254 in.the west coast region. Figure 9 displays

this distribution.

to FIGURE 9.--Distribution by Geographic Region of Individuals in a
Sample of 1241.Associate Degree Engineering Technology

,Students.

1In addition, summary data on 230 additional students tin the
north central region were available for comparison; however, these

data 'ere not included in the analysis here. 4

122
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Analysis of Data

Socioeconomic Backgrounds

CP

Age--The majority of the associate degree engineering technology

students who responded to the survey were 21 years old or younger,

66 percent falling into this category; hoWever,,sliikktly more than e

10 percent reported ages of 26 years or more. Figure 10 shows the

distribution of ages as reported by 1238 students. who reap ,d to

Item 1 of the questionnaire. The range of reported ages extended

from 17 through 48, with 19 being the most frequently reportedcage.

The accompanying table give? detailed data.

Figure 10.--Age Distribution of 1238 Age Distribution of 1238
Students in Associate Degret Students in Associate Degree
Engineering Technology Engineering Technology Curricula.
Curricula.

I
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18 20 22 24 26 28 30'

Age

Age Number

.17 3

18 200

19 305

20 196

21 116

22 95

23 92

24 50

25 44

26 36

27 18

28 17

29 10

30 8

31 35 22

36 40 14

41 & Over 10

Home Location--Table 38 shows the nature of the home-locations

of those responding to the questionnaire (see Questionnaille Item 22);

'1213 individuals supplied data. It is interesting to JlQte that the

proportion of engineering technology students coming from farm, rural

or small town locations, a total of 31.2 percent, is considerably

12r)
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greater than the corresponding proportion of such individuals in the

population as a whole, about 14 percent according to census estimates.

Father's Occupation - -The associate degree engineering technology
4.0

students in this sample appear to come largely from families in which

the father is or was associated with a technical field.- Of the 1104

students who responded to a question about their fathers' occupations
. .

(see Questionnaire Item 24), approximately one-third indicated such a

)

re ationhip. -Table 39 lists, in order of decrpasing frequency, the

data which were reported.

TABLE 38.--Home Locations of 1213 Students in Associate Degree
Engineering Technology Curricula.

Home Location

Students Reporting this Location

Number Refcentage

Farm oriltral Area 192 15.8

Small Town 186

\./
15.4

Large Town 93 7.6

Small City 216 17.8

Large City 250 20.6

Major Metropolitan Area 276 22.8

TABLE 39.--Father's Occupation for 1104 Associate Degree Engineering

Technology Students.

Occupational Category Number Reported

Craftsman, skilled worker

Technician or equivalent (Construction, operation,
repair, inspection, testimg, etc.)

Supervisor, foreman, manager, executive, etc.
Proprietor of business, contractor, etc.

Unskilled worker
Production worker (skilled)
Sales

Clerical or office worker
Farmer, rancher, etc.
Engineer or Scientist
Military

Physician, Lawyer, Minister, Teacher
Miscellaneous (Musician, Policeman, Fireman,

Journalist, etc)

156

133

124

100

95

93

87

75

72

60

di 45

37

?8

1'9 Itjt
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'Family Income -- Students in associate degree engineering technology

curricula appear to come from families having reasonably adequate in-
,

comes, although there was an extended range in the data reported by

the 1142 students who responded to a question dealing with this matter

(see Questionnaire Item 25). From data reported, the mean gamily in-

come was estimated to be $790 per month, about $9500 annually. The

median income was estimated to be somikhat lower, approximately $8800

per year. 'Table 40 gives details of the responses ma e

.111b ,

TABLE 40.--Monthly Family income Estimated by 1142 Associate Degree
Engineering Technology Students.

ilthly Income Number of Students

Less 'than $400 104

$400-$600 298
$600-$800 258
$800-$1000 212

$1000-$1200 102
$1200-$1500 83

Over' $1500 85

An interesting and somewhat anomalous pattern was revealed by

a detailed examination of the completed questionnaires. Mapy of

the students who reported family incomes of less than $400 per month

were individuals who had classed their home locations'as a "farm or

rural area and had given their father's, occupation as "farmer" or

"rancher." 05st of these students also reported that their college

expenses were coming wholly or mainly. from their families. Hence.,

are some indications that many who reported low family incomes

were reporting "cash flow's data and that "standard of living" or

"socioeconomic level" inferences cannot be safely drawn, particularly,

at the lower levels. Other research datal also tend to indicate that

the median eco1omic status of the familiAs of technological students

is somewhat higher than that of the college population as a whole.

'1See, for example, American Society for Engineering Education,
The Teclinician',8 Peer Groups: A Review of Some Research on High School
Students, Study Report No. 5, Engineering Technology Education Study
(Washington, D.C.: ASEE, 1970), pp.13-15.
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College Admission and Performance

The vast majority of the students in the sample reported high

,school graduation or transfer from another college as the basis for

admission to college_ (see Questionnaire Item 11). Only 87 (7 percent

of the sample) listed the General Educational Development Teat as the

basis for admission.

The.students in the sample reported generally satisfactory per-

formance in'ntheir con13ege programs. In response to a question abowt

their current grade point average (see Questionnaire Item 10), 1229

of the 1241 students reported CPA values; the mean of the GPA'd re-

ported was 2.46. The distribution was as follows:

kr

I

Grade Point Average Number of Students

Lower than 1.5 '44

1.5 - 2.4 63C

2.5 - 3-4 530

3.5 or higher 55

'.1

High School Backgroun4

Rankin High School Class- -The students in the sample were re-

quested to report their rank in their high school class by quartile

(see Questionnaire Item 13). While 24 percent ofthe students in

the sample marked this Item as "unknown," the largest number,per-

ceived themselves as being tin the second highest ,quartile; the data

are given in Table 41. Other research tends to support the findings

reported here.'

TABLE 41,-Rank in High School Class as Perceived by 1241 Associ'ate
Degree Engineering Technology Students.

Rank in High School Students Reporting Rank

Class

Number

1..

-Percentage

Highest Quarter 27.7' 22

Second Quarter 388' 31

Third Quarter 235 1)9

Lowest Quarter 46 /4
Unknown 295 24

lIbid.

/

_ 126
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High School Curriculum--The students in the sample were requested

to report the number of years of study they had devoted to selected

subject areas in high school (see Questionnaire Item 12). Table.42

summarizes the responses.

It is interesting that all students reported some mathematics

study in high-school. The level of such high school mathematics

was not investigcited but, presumably, the first year represented a

"gerteral Mathematics" course, the second an "introduction to Algebra."

Moreover, 80 percent of the students reported three, four, or more

TABLE 42.--Study of High School Subjects as Reported

Degree EngineeringTechnology Students.
by 1241' Associate

-41111;aft

Subject Area Number of

Years

of Number of

Students

Mathematics
1 60 A

2 184

3 367
4 or more 630

1241 (100%)

Physics
1 590

2 or more 51

641 (52%)

Chemistry 1 720

2 or more 44

764 (61%)

Drafting 1 371'

2 165

3 or more 150

692 (56%)

Industrial Arts 251

2 145

3 or more 160

556 (45%)

Vocational Educa ion

IlL

1 l 126

2 or more 192 '4
(26%)318

Technical Education 1 88

2 or more 117

205 (16%)

1 9
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years of high school mathematics. Apparently, many of the respondents

interpreted this question to include the junior high school years,

grades 7-9, mince just over 50 percent reported four or more years

of study in theporea.

Slightly more than half of the students in the sample reported

having studied Physics; more than three-fifths reported having.

studied Chemistry. A close examination of the responses revealed

that 495 students reported stud}, of both Physics and4Cheistry, 146

reported Physics only, and 269 reported ChemiWtry only. Thus, 910

students in the sample (73 percent) reported high'school experience

in a physical science.
eJ

High school courses in drafting were reported with appreciable

frequency; 692 students (56 percent of the sample) claimed study

in this area, and nearly half of these reported more than one year

of such study. Courses, in industrial arts, vocational education,

and technical education were reported less frequently, involving

45 percent, 26 percent, and 16 percent of the sample, respectively.

Most frequently, the students who reported drafting experience also

reported study of these last are \s. Few who had studied both physics

andchemistry had also studied industrial arts, vocational education,

or' technical education su ecis.

Curriculum Choice and Changes

Distribution by Specialty - -Table 43 lists the'distriblition by

technical specialty or "major" of the students included in the sample

(see Questionnaire Item 7). The most popular specialties appear to

TABLE 43.--Distribution ly Technical Specialty of 1241 Stilt:lents

Enrolled in Associate Degree Engineering Technology
C4Tricula.

Technical Specialty Area Number of Students

Electronics 401

Mechanical 197
Civil 177
Drafting 149

Electrical Power 67

Architectural 54

Industrial Engineering 49

Chemical 19

Aeronautical 17

Other 111

16
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be Electronics Technology, Mechanical Technology, and Civil Technology.

These three curricula account for a total of 775 of the 1241 students

in the sample, or 62 pernt pf the group surveyed. In the table, the

titles for.technical specialty areas are arbitrary descriptive term's,

not necessarily eyact curriculum titles; for example, all students

reporting their majors as "Civil Technology", "Civil Engineering

Technology", "Highway TechnolOgy", "Surveying and Mapping Technology",

or the like have been includpd here in the classification "Civil".
i

The category "other" includes-miscellaneous programs of small reported

frequency, such as "Textile Engineering Technology", "Air Conditioning.

Technology ", "Electro-mechanical Technology", "Instrumentation", and.

the like.

TransferApproximately 21 percent of this sample of engineering

technology students had transfered to the institution they were

attendinie.F-college (see Cuestionnaire Item 6); 266

reported having attended at east one other college and 3E reported

raving attended two or more other institutions.

fhanfes of Major--Students in the sample reported changes of

major with appreciable frequency (see Questionnaire' Item 8); 341

(25 percent of the sample) reported one or more of major

and 39 reported two or more such changes. Table 44 l the

'" previous majors" that were reported by tihe students responding :;:o

this item on the questionnaire; the total number of previous majors

reported (371 in the table) exceeds the,number of students willphad

changed majors (3411...because those who reported mctse than one change

in major' usually reported previous majors in two or more areas.

TABLE 4i.--Previous Majors Reported by Certain Associate Degree
Engineering Technology-Students who had Changed Majors.

Previous Major
Frequency of Report

Engineering

Physical Stience or Mathematics
Another Engineering Technol6gy
Liberal Arts
Business

Vocational Education
Education

Others

134

28

69

38

42

15

11

34

aOther inclpts Fine Arts, Agriculture, Health, Forestry, etc.

1 `)"tiL
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Students who iad changed majors were asked to give the reasorr

for the cha'nge (see Questionnaire Item 9); 289 (nearly 85% of those

who reported changes) responded to this item on the questionnaire.

Their responses are summarized in Table 45. The entries in the

table are mainly paraphrases of the actual responses. A pattern

seemed to emerge, however, 'in which changes in major are related

principally to students' reassessments of their interests and abilities.

A special analysis was made of the reasons for change given by

studen y who had changei from a major in engineering, physical science

or mathematics to one in engineering technology. The 162 students

(see Table 44).iri this category often stated that they preferred the

practical to the theoretical, had lost interest in theoretical courses,

or felt they could not cope academically with theoretical courses;

two-thirds of the responses given by such students were of this nature.

Table 46 contains relevant data.

TABLE 45.--Reasoni for Changes in Major. Reported by Certain Associate
Degree Engineering Technology Students.

Reason for Change Number Reporting

Reason

,a. Preference for technical (practical) over

engineering (theoretical) program

.b. Loss of interest in previous choice
(e.g., it was boring, it was not what
I expected)

c. Change in career objective

d. Reasitessment of ability (e.g., poor

academic performance in first choice)

e. To enhance spectrum of competencies

(e.g., to obtain a second degree, to
have a double major)

20

102

38

54

11

f. Higher pay anticipated in new area 12

g. Economic reasons (e: g., could not afford
a longer curriculum)

9

h. Pressures of time (e.g., wanted to finish
college as quickly as possible)

i. Changed schools, previous major no longer
available

.

3. iiork experience influfced change

4

15

. 13

9

9-
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TABLE 46.--Reasons Reported by Certain Students for a Change in Major
from Engineering, Mathematic's or Physical Science to

-----Epgineering Technology.

Re4(bn for Change

('
Number Reporting

Change

Preference for Practical Program
to a Theoretical One

Loss of Interest in P,revious Choice

Previous Choice Too Rigorous or Too
Difficult

-Change in Career Objective

Wanted to Finish College in a Short
Time

Other

20

30

31

12

10'

20

College Choice- -The students in the sample were requested to list

factors which influenced thil4r choice of institution (see Questionnaire

Item 20). The questionnaire item eliciting this information was the

'free response" type, so that most students gave several factors. The

most fi,equently given factors are summarized in Table 47; "frequency"
2

TABLE 47.--Factors Purported to Have Influenced Associate Degree
Engineering Technology Students, in Their Selection of
a College.

Factor
Frequ 1,44-c-Y-)

f

Location of institution
783

..... Costs (tuition, fees, eipetSes) 529
Reput4ion of Institution

408
Recommendations of friends or relatives 254
Institution offered the program desired 97
Recommendations of high school colinselor 17
Only institution allowin entry 1

7g

16

V



in the table is the total number of times each factOr (or its equiv-

alent) was zlentioned. In addition to those in the table, a number of

other fac-I:ors were mentioned, but atfreqtencies too low (fewer than

10) to be meaningful; among these were responses such as "I was sent

by my employer", "I was given a scholarship there", "Because the school

was accredited", and the like.

Career'and Curriculum Choice--TITeIstudents in the sample were

. queried on various topics related to their career chbice and hence

presumably to the curriculum choice they had made (see Questionnaire

Items 16-19. Table 48 suirnarizes students' responses to a question

about their ultimate career objective as they now perceived it. As

can be tPoted from the table, the majority listed technical employment

or professional employment as their ultimate goal. '

TABLE 48.--Career Objectives Reported by 1241 Associate Degree,

Engineering Technology Students.

Career Objective Students Reporting Objective

Number Percentage

Technical employment
Professional employment
Management

.734

187

84

59

15

7

Operate my own busiritss 83 7

Teaching 36 3

Employment not related to education 14 1-

Research 13 1

Sales . 9 1

Undecided (or no response) 81 6

In response to a questi

1

n about their confidence in the stability

of their career choices, t se individuals replied as follows:
)

326 (26 percent) were "positive" about their choice.

600 (48 percent) wete "reasonably certain" about 'it.

142 (11 percent) were "moderately certainn'Tpout it.
t

,...

124 (10 percent) were "not sure and,indicated that this was a

tentative choice only.

49 (4 percent) did not respond.

Observations which reasonably follow from these analyses of

r)ti
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career objective and stability of career choice are as follows: (1)

associate degree engineering technology students appear in substantial

numbers to have matched their personal career objectives well with

available educational preparatory programs; and (2) these students,

in general, appear confident and purposef141 in the pursuit ortheir

career goals.

In response to a question related to the time at which their

career (and hence curriculum) choice was made, these students re-

ported as shown in Table 49. It is noteworthy that nearly one-half

reported having made a career choice in high school.

TABLE 49.--Time of Career Decision as Reported by Certain Associate
Degree Engineering Technology Students.

Approximate-Time of

Career Decision

Students Reporting

Number Percentage

Prior to junior High School 51 4

In Junior High School 37 3

In Senior Nig', School 594

After High School Graduation
and Working for a Period

171 14

In College 180 14

In Military Service 99 8

No Response 109 9

When asked to identify factors which they perceived to have

influenced their career decision, these individuals replied as

follows:

707 Listed

318 Listed

160 Listed

99 Listed

90 Listed

30 Listed

51 Listed
du"
matter

etc.

"personal interest"

"work experience"

"family influence"

"influence of friends"

"influence of a high school counselor or teacher"

"influence of a professional or college counselor"

various, miscellaneous factors such as "kubject

taken in high school," "possibilIty of a gr,d job,"

A

ti
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Many listed'a combination ofseveral factors; some did not respond

to this questionnaire item. Included in the "personal interest"

category aresuch specific comments as "I've always liked to draw,"

"Radio is my hobby," "Machinery interests me," and the like. Military

experience is included, where relevant, undqr "work experience".

Immediate Post-Graduation Plans

The students in the sample were asked about their immedia

plans after completion of the program in which they were

(see Questionnaire Item 15). Table 50 lists the responds their

frequencies.

A special analysis was made of those who stated they planned

to contimae schooling. Of the 399 who made this statement, 387

supplied additional data; those data are displayed in T21/le 51. The

table reveals that the largest proportion of student' planning

immediate further schooling after receipt of their associate degrees

were planning to pursue baccalaureate degrees in engineering tech-

nology; one-half of these students projected such plans; approximately

one-fourth of the grbup indicated a planned engineering program; the

remaining one2fourth projected such digeipkines as business admin-

istration, education, physidal science, and industrial management.

A pattern of some importance was suggested by the data and was

?ABLE 50.--Immediate Post-Graduation Plans Projected by Certain
Associate Degree Engineering Technology Students.

Post-Graduation Plans Students Stating Plan .

Number Percentagec

To seek employments
To continue schooling
To enter military service

Other°..

No response

671 54

399 32

93 7

52 4

26 2

aIncludes continuation of present employment for'some who were
already employed.

bIncludes employment on full-time basis for some who are now

employed part-time or are attending school under a cooperative
program; also, includes some who expect to begin a private business.

cpoes not add to 100% because of roundipg.

1 A4
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TABLE 51--Further Schooling Plans of Certain Associate Degree
Engineering Technology Stu en s Who Project Plans
for Additional Education Immediately After Receipt
of Their Associate Degrees.

Projected Future Major

Number of Students Planning

Future Study in Various Environments

Same Different Out-Of-State Total
Institution Institution, Institutions

Same State and no response

Engineering 18 60 20 98
Engineering Technology 17 144 33 194
Other 11 34 50 95

TOTALS 46 238 103 387

strongly supported by reference to individual questionnaires; the

in-state existence of an institution offering baccalaureate engi-

neering technology programs greatly influences the tendency of assoc-

iate degree engineering technology students to pursue further education.

A substantial number of the students who Stated plans to pursue a

baccalaureate degree in engineering technology were students in states

where such programs had been recently inaugurated; no sucngeneral-

ization was possible for students planning ,further study in engi-

neering or other disciplines.

Student Satisfaction with Programs

Students in the sample were requested to express an opinion on

how well they felt their programs of study were providing preparation

for their chosen careers (see Questionna-ire Item 21). The responses

were predominantly positive: 38 percent of the students felt they

were being "excellently" prepared; 55 percent felt they were being'

"adequately" prepared; 4 percent feat they were being "inadequately"

prepared; and 3 percent did not respond. The data are shown in

Table 52. Approximately 93 percent of the sample expressed satis-

faction with their educational experience:, In addition, more than

one-fifth of the students added "free response" comments in their.

evaluation of their programs. The most frequent positive comments

were that "the curriculum is excellent" (49 made this or a similar

.135



A TALE 52.-- Student's Percept

Engluering Tea

C

-sN\ Intened'Careers4

<

ow Well their Associate Degree

rograms wire Preparing them for

Wing of Program

Excellent

Adequate

Inadequate

No Response

Frequency of Response

Number Peptentage

417 38
681 55

53 4

40 3

statement) or that "the faculty' members are excellently qualified"

(27 made a statement of this nature); 8,8 positive comments wer

made. On the. other hand, a variety of weAkn,eSses were perceive

by the 182 students who made negative commens.

a specific curriculum area was criticized: "the

weak", "there is not enough coverage in mathe

statics course did not prepare me for 'strength

Most frequently,

he ysics course is

11101!
1, and "the

were typical

comments. The second most common criticism was a "lack'of practical

mphasis""in one or more curricular areas. Some students also

egisteved diSsat'isfaction with "irrelevant subjects" and"insuffic-

ientedetail in certain areas:" A number of dithers expi4essed the

opiltS1144144.tiheir programs were "too crowded" or "too fast in,pace";

thers suggest -sd that "two years are not ling enough to cover-what

ink I need." Miscellaneous comments on faculty members, lab-

oraN7 equipment and facilities appe4red to a minor

' Desired Work' Environments

Students in the samle were asked to e6ess a preference for

the type of enviro ent in which they, would,work if they'had a

choice (see Quest' nnaire Item 23). These "preferred future envirohL

ments"' were compared with the "environment of origi,.a-Scertained

as part of the socioeconoQic data on these students see Questionnaire

Item 22 and the earlier discussion herein); '1116 cases -collld*-be

analyze f with the following resultq,:

P

1 Sri
11.4, j
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441 students had coffe from a relatively "small"' tome

environment (a farm or rural area, a small town, a

large town).

675 students'had come from a relatively "]barge" home

environment (a -city, a large city, a major

. metropolitan area).

olk

252 (57 percent) of those, originating in "small" environments

would prefer a "small: work environment.

189 (43 percent) of'thoie originating in a "small"

envirodMent would prefer a "large" worn' environment.

541 (80 percent) of those originating in a "large"

environment would prefer a "large" work environment. .

134 (20 percent) of those originating in a "lai,ge"

environment would prefer a "small: work environment -.

If a "migration by preference" were to occur, than 730 students in

this'group of 1116 would be working in a "large" environment and

only' 386 wouldbe working in a "small" environmept. Such a migration

would repmesent a shift from low-density'to high-deinsity population

centers of approximately 5 percent of all technically educated

individuals. Although both the number of individuals involved and

the percentage of population so shifting seem small, the value is

statistically significant wtl'l beyond the .001 confidence level,

and indicates strongly that technical educatibn is a route toward

urbanization of the population. This is not an unexpected trend,

but is, nevertheless, one with perhaps serious implicatiOns.

Summary

If it is assumed that the sample of 1.41 associate degree engi-

neering technoldgy students included in this study is representative

of the population nationally of such individuals,-then certain general-

izations can be statedlikThese generalizations are given in the

.following paragraphs.

Students iA associate degree engineering technology cup'icula

are typically males who are 19-21 years old, although an appreciable

number of older students enroll in such curricula.

voillipividuals from 'rural areas and small towns often select engi-

neerig technology programs; the, proportion of engineering technology

`students with such backgrounds is appreciably greater than their

representation in the population as a whole. Engineering technology

students are more likely to coz/Arom families with monthly incomes

13"
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k
above the national mean, and, are likely to have 4ter-e-.4.433o were

craftsmen, skilled workers, technicians, supervisors or fore en or

in some manner related to fields.

The .neering technology student most probably graduat d
dli

from high s
r

ool, but is likely to have ranked academically n the

second or, third quarter of hiS class. He is likely to havef had four

,-

or more years of high school mathematics and there are thr e ohandes

in four that hellad a physical sciOce (chemistry or physi or both)

in high scho I. *ere is about a 50 percent chance that e has
.4-

studied dr sting in high school, but he is less' likely to ave en-
/

countere industrial arts or vocational-teAnical subjects.

/
.

a class of\engineering technologj students, one in five will

.have/ ransfe'red from another college and one in four will have anged

hie ajor. (Those transfering and those changing major are often

gr ps duplicating each other to a great extent.) Most likely, the

previous selectiOn of those who have changed major flis engineering,

.andthe reason for the change is likely to be stated as a /change in

interest" or a "reassessment of academic ability."

The engineering technology student probably male his choicNe o
of

college on the basis of the institution's location-and Costs, although
.

the reputation of the school had some influence. He is apt to be

"reasonably certain" that he wants eventually to enter technical

employment, but he is likely to have made such a career decision

fairly late, either in senior high school or after working for a

4P
period. 1-1* rsonal interests and work experience were major

factors i ncing his choice.

Engineering technology students most frequently plah to seek
i

employment r receiving their associate degrees, but nearly one-

third plan to continue schooling, usually to work toward a baccalau-
o

reate degree in engineering techntiogy. There are some indications

that the availability within the state of a baccalaureate technology

program is related to students' plans to pursue further education:
. .0

Students are §alisfied with the preparation they. are receiving,
, ..,

although they may perceive minor weaknesses.

Engineering-technology education appears to result in urban-

ization of the society,, since students in general express a pre-

ference to work in an environment with a,greater population density

than that frdm which they came.
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CHAPTER 8
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EltITTEERING TECHNICIANS ON THE JOB:

74, A STUDY OF ASSOCIATE

DEGREE GRADUATES

Teta paper is the report of a study of a selected sample of

recent graduates from gesociate degree engineering technology cur-

ricula. It includes analyst of the job titles and salaries assoc-

iated with the first jobs which the graduates accepted; it summarizes

some data dealing with factors which influenced these graduates in

their original college and career decision; and it describes the

employment of these graduates in terms of the frequency of performance

of certain tasks, Where differences in employment characteristics --

by technical specialty and by geographic region--are identifiable,

such differences.ere discussed.

Procedure and-Sample

A questionnaire (see Appendix F) was used to elicit data for

this study of the recent graduates of associate degree engineering

technology curricula. ,The chief investigator had selected and

visited certin institutions which offer such curricula to-seek

participatidn in the study. These institutions were requested to

select a reprehentative sample of their graduates of the past 18

months, mail a questionnaire and a return envelope to each member

of the sample; receive the completed and returned questionpaires,

and forward the colipleted questionnaires'to the chief investigator.

Individuals were not identified on the completed questionnaires, but

some of the participating institutions developed follow-up procedures

to enhance the return of instruments from their graduates. Summary

and analysis were the responsibility of the chief investigator; how-
,.

ever, some institutions extracted data for theirlOwn use before for-

warding the instruments and others supplemented the questionnaire

withradditional items.

Originally, 24 institutions were requested to participate in

the study. Two df these however, lacked graduates, having only

recently inaugurated enginering technology programs; one lacked

a file of addresses of its graduates; and three were not able to

participate for other reasons. Two institutions subarea recent

data which were comparable to that being requested but whi.ch were

formatted differAntly. Ultimately, sixteen institutions participated.

140
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More than 700 questiopnaires were returned, but not all were

usable; rejections occurred if the respondent.was in hool or the

military service, or if his employment coutld not be cssed "first

job or first 18 months," t category seldcted for study. Only 412

questionnaires were fiall included. #
.
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Since the sampling, procedure was develOped by the participating

institutions, no direct information related to the representativeness

of. the sample is available. Certain indirect evidence, however,

supportf art assumption that the sample reasonably represents the pop-

ulati.on being studied.

First, the distribution. by geographic region for these graduates

is similar to that found for students in a previous study.-
4

Table

53 shows these relationships; can be noted in the table that the

"Percent of Total" columns foriStudents and Graduates differ by no

more than three percentage points.

ep

TABLE 53.--Comparison of Distribution by Geographic Region of a Sample

of 1241 Students and a Sample of 412 Graduates, Associate

Degree Progrims in Engineering Technology.

Geographic

Region

Students
4.

Number Percentage

o? Total
a

Graduates

Number Percentage

of Total

Northeast 252 20 ....../ 75 18

Southeast 375 30 130 32

North Central 118 10 51 12

South Central I 241 20 69 17

West 254 20m 87 21
. .

TOTAL 1,241
r 412

Second, the distribution by technical speCialty of tAe grad-

uates in this sample does not"differ markedly from that nationally.

Table 54 displays the data. The table indicates that graduates in

Civil Engineering Technology are somewh,St over-represented in this

1See Chapter 7, herein, and Jesse J. Defore, "Characteristics
of Engineering Technology Jludents," Engineering Education, April,

'1971, pp.844746.

1 '1 1
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TABLE 54.-- Comparison of Distribution by Technical Specialty of a Sample
of 412 Graduates and a National Sample of 18,808 Graduates,
Engineering Technology Gu+ricula.

41

Technical Specialty Degrees Granted, 1969a

Numbei Percent of

Total

Graduates in Sample

Number Percent of

Total

Civil 1 ,747 9 . 64 - 15
Electrical 8,251 44 139 34
Mechanical 3,315 18 91 22
Other 5,495 29 118 29

TOTAL 18,808 412

aData from John D. Alden, "Technoldgy Degrees, 1968-69," E,:g-::reering
Education, January, 1970; see Table 2, p.411.

sample while graduates in Zlectrical Engineering Technology (in-

cluding Electronics) are somewhat under-represented. This 'bias is

not unexpected: any electrical/electronis graduates nationally

come from institutions which offer this specialty only; no insti-

tution participating in the study was Cf this type, hence,

research design itselfl tended to diminish the proportion of elect-

rical/electronics graduates available for study. This minor

representation is rot believed to affect resillts seriously.

And third, certain detailed findings related to salaries (to

be disc..ssed in a later section of this chapter) correspond closely

with results of an inde,endent sirvey conducted recently by the

Engineering Manpower Commission

Analysis of Results

The responses 1,c) items on the questionnaire are reported and

analyzed in the following sections of this report.

In the analysis of the data, summary statistics were computed

to describe the characteristics of thtse'graducites and their employ-

ment. In addition, the data were examined or internal variances

which might be a' ri utable to either (1) the geographic region in

which the partico0ating institution was located, or (2) the technical

specialty of'the curriculum the graduate had completed. For conven-

ience, five geographic regions were arbitrarily selected: Northeast,

1 el
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Southeast, North Central, South Central, and West. These are indicated

roughly on Figure 11. A preliminary investigation revealed that 15

different technical specialties were reported by the respondents, but

that three--electrical/electronics, mechanical, civil-- ccounted for

more than two-thirds of the sample. Other technical s cialties

(drafting and design, chemical technology, air conditioning technology

aeronautical technology, computer technology, and the like) appeared

with individual frequencies too small for meaningful analysis; so

were combined into a single category, "other." Therefore, four tech;

nical specialties only were employed. Data on the Graduates were

appropriately assigned to twenty cells (five "region" categories,

four 4echnical specialty" categories) for analysis purposes. Figure

i2 shows the resulting "N-matrixe" i.e., number of graduates assigned

to the various cells. The analyses in subsequent sections are based

on this matrix, with adjustments for non-respondents when nec,essary. 4.

FIGURE ll. -- Geographic Regions

Selected for Study of a
Sample of 412 Graduates of

Associate Degree Engineering
Technology Programs

Pegion

1 Northeast

2f Southeast

3 North Central

4 South Central

5 West

A

.

A

FIGURE 12.--Distribiltion by Region gnd

by Technical Specialty of a Sample
of 412 Graduates of Associate Degree
Engineering Technology Programs.

Techn,jcal

Spec4alty 4

Region

1 2 3 --4 5 U.S.

Civil 2 41 - Ilitligii... 64

klectriCal 24 33 13 38 31 139

Mechanical 16 32 12 14 17 91

Other 33 24 26' 13 22 118

TOTAL 75 130 ,51 69 V 412

1-13



Job Title

Item 1 of the questionnaire elicited the job title currently

held by the graduates; 378 of the 412 respondents reported this

information* The term "technician," with or without a modifier,

fared most often. Table 55 gives a summary of the results, and

"Table 56 lists some examples of specific titles in various categories.

The numbers in parentheses in the body of Table 56 repres4nt the

frequency with which a specific title appeard in the data considered

here.

In addition to the examples listed in Table 56, graduates re-

ported,a. wide variety of other job titles, including-the following:

hydrological technician, quality control technician, technical ill-,

ustrator, equipment designer:traffic engineer, resident engineer,
.

safety engineer, testing analyst, toolma>olestimator, teacher,

s-rveyor, metallurgical investigator, and programmer.

reW inferenc,es'can pe drawn from these results. That 62 :01-,

titles out of 378 (about 16 percent of this sample) included the

term "engineer" may be disturbing to some, but employers apparently

do not necessarily assign job titles which match the educational

backgrounds of their employees as perceived by educators.

TABLE 55. - -Job Titles Reported ify 378 Graduates of Associate Degree

'Engineering Technology Programs.

Number of-Graduates Key Word in Job Title

108 . Technician
70 Aide, Assistant, Associate

.62 Engineer
46 Draftsman
19 Mechanic, Electrician, etc.
18 Manager, Supervisor, etc.
14 Designer
9 Analyst
3 Technologist

29 Other

AO.

.4.
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TABLE 56.--Example Of Job Titles Held by Graduates ofAssociate Degree
Engineering Technology Programs.

A. Techni4an 4

Engineering Technician (27)
El4Ftronics Technician (281

Cikfil Technician (5)

Instrument TedOnician (5)
Laboratory Technician (5)
Technician (6)

D. Draftsman

Draftsman (19)

Design Draftsman (8)

Senior Draftsman (2)
Architectural Draftsman;(2)

J

B. Aide, Assistant, Associate E. Mechanic, Electrician, etc.

Engineering Associate (18)
Engineering Aide(15)
Engineering Assistant (9)

Associate Engineer (5)
Assistant Engineer (7)
Staff Assistant (4)

C. Engineer

Project Engineer (12)

Field Engineer (9)

Sales Engineer (8)

Cu omen ERgineer (3)
Junkr Engineer (3)

Alb

Mechanic (4)
Aircraft Mechanic (3)

Electrician (6)

Maintenance Mechanic (1)

F. Manager, Supervisor, etc.

Project Manager (2)

Service Manager (3)

Construction Supervisor (1)
Operations Supervisor (1)

Foreman (3)

Plant Superintendent (1)

Mean Salary

Graduates were requested to report their monthly salaries

(questionnadre items 6 and 7). /Of the 412 graduates in the sample,,'

409 repojted data. Figure 13 shows the distribution of data as

reported.' The meagiOalary was estimated to be $688 per rpnth for

graduates who were in their first job or had been working for 18

months or less.

.4

-"Z

An effort was made to discover if difference existed, by

geographic region or by technical specialty, in the salaries paid

to associate degree engineering technology graduates. Table 57

shows the salary data for this sample. There are few statistically

significant differences in these reported salaries; for the differ-

ence must exceed $35 to be significant here at the .05 confidence

level. Thosercells which do exhibit statistically significant

%differences are marked with an asterisk. The cells which have the

4
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FIGURE 1 .--Distribution of Salaries Reported by 409 Graduates of
Associate Degree Engineerihrg Technology Programs.

Ow.

150

Under $501- $601- $701- $801- $1001- Over
$500 $600 $700 $800 $1000 $1200 $1200

Monthly Salary Rahge

TABLE 57.--Monthly Salaries Reported by 409 Graduates of Associate Degree
Engineering Technology Programs, by Technical Specialty and
by Region.

Technical Specialty
Region

1 2 3 4 5 US

Civil 525* 642* - 788* 646 665
Electrical 694 720 770* 714 690 706
Mechanical 721 677". 770* 692 666 696
Other 670 686 678 705 625* 672

TOTAL 676 --6-8-6 723*. 712 657 688

f

greatest deviation from the data mean are those of low N (see figure

12); in these cases, sampling error alone could account for most of

the variation.

Althoughey are relatively small, certain of the variances

among these salary data suggest questions.

(1) Salaries in the western region appear slightly lower than

elsewhere. Can this be a reflection of the large number

1
4 u
0



of junior colleges, on the west coast anda'concommitant

larger "supply" of technical manpower there?

dr'

(2) Civil technicians appear to command slightly lower salaries

(except in the Sduth Central region). Does this reflect

the pay scales of state highway departments, often the

civil technician's first employer?

(3) Salariespin the North Central region appear somewhit higher

than in other areas. Does this represent high manpower

"demand," occasioned by a paucity of technical programs

in that region? Or is this slightly higher salary a

reflection of the general economic and industrial conditions

in this region?

The mean mp1th1§ salary ($688) reported in,1970 by this sample '

of 409 graduates is equivalent to about $8260 per year. This figure

may be compared to data obtained by the Engineering Manilwer Commission

slightly earlier in 1969.1 EMC reported, for 1143 technicians who

had been on the job two years, a mean annual salary of $7650 and an

upper quartile salary of $8250. Tht the mean salary reported here

($8260) is 8 percent higher than the mean reported by EMC ($7650)

may be related to several factors: (1) a bias of this sample created

in the selection of participating institutions; (2) a bias created by

the respondents (those with'higher salaries tend to respond in a

greater proportion to questions.al?out salary); (3) general increases

in salary levels between 1969 and 1970; and (4) sampling error. That

these sets of results are in reasonable agreement lehds support to

the assumption of sample validity.

Age

Graduates'reported their age (Questionnairp Item 8). The distri-

bution of ages as reported is shown in Figure 14, for the 412 graduates

in the sample. The mean age. is estimated to be slightly leSa than

25 years, the median, 24 years. In previous research (see the re--

sults reported in Chapter 7), the most frequently reported age of

students in associate degree engineering technology programs was

found to be 19-20 years. Assuming two years as the duration-of an

associate degree program, students can be predicted to graduate at

20-22 years of age, and to be initially employed (i.e., first jol? or

1
Engineering Manpower Commission of the'Engineers Joint Council,

Salaries of Engineering Technicians, 1969, The Council, March, 1970.
See salary data p.19, for "graduate Technicians, Associate Degree,
Entire U.S."

1.1 7
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FIGURE 14.--Distribution of Ages Reported by a Sample of 412Graduates
of Associate Degree Engineering Technology Programs.
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fir t 18 months after graduation) at 20-24 years of age, with 23

yea being the predictable mean. That the. results here show a mean

age s ,;:ghtly higher than the predictable mean may imply one or more

of the following: (a) there was a different pattern of attendance

by age groups two years ago than that which revails cyrwtly; (b)

the mean age of graduates is higher than e predictable mean age

because Qf interim military service; (c) he presence in this sample

of a few men 25-50 years old has biased the results; or (d) an

appreciable number of students who, attendedpart-time, and hence

required more than the predictable !two years to graduate, have

affected the results.

'The'distribution of graduates? ages by region and by technicarl

s e ialty is shown in Table 58, were cells with statistically sign-'

inelap.t differences are marked wifh an asterisk. The ta(ble reveals

that technicians in Region 1 (theiNortheast) are younger than their

counterparts elsewhere in the colintry.
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TABLE 58.-- Distribution by Region and by Technical Specialty of the
Ages (Means) of 412 Graduates of Associate Degree Engineering
Technology Programs.

Technical
Region

Specialty 1, 2 3 4 5 US

Civil , 22* 24 25 25 24
Electrical 23* 27 25 27 27 26
Mechanical 22* 24 24 25 25 24
Other 22* 27 ,24 23 23 24

TOTAL 22* 25' 24 26 . 24 25

a

Educational Experiences Since
Graduation.

.

,

Gr uates reported on the educational or trainin&experiences

they ha 1rcompleted Since graduation or in which they were engaged

at the time of response (Questionnaire Items 9 and 10). Summary

. results are given'in Table 59. Many respondents listen more than
one kind of further education experience,

so that total frequency

in Table 59 is greater than the size of the sample.

It can be noted that in- service or on-the-job training was

given by the employers of
approximately two-thirds of these graduates,

1 --.----3'

TABLE 59.--Educational and Traini Experiences Since Graduation Reported
by a Sample of 412 Gra uates of Associate Degree Engineering

-' Technol

1

gy Programs.

Kind of Experience - Frequency of Response
Number Percentage

In-service or on- the -,job training %
provided by the employer

Courses in publiC or private schools
arranged for and paid for by the
employer

Courses in public or private schools,
selected by employee but paid for--
wholly or in part.:-by the employer

Courses in public or, private schools
at the employee's choice,and expense

268

57

82

91

65

14

20

22,

11
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and,about,1 out of 7 graduates attended courses which we arranged

for and paid .for 'by their employers. No pattern of differences by
,

region' or discipline were apparentywhen the rata data were analyzed

.in detail.

Approximately 20 percent of these graduates attended courses

paid fvtr, at least in part, by their eipployers; detailed analysis

indicated that this fringe begefit was somewhat les available to

civil technology graduates and to graduates from institrtions in

the West.

Slightly more than1.1 in 5 of the graduates reported attending

school at their own expen'Se; no differences by region or specialty

were 440/rent.

. It is interesting to examine the tatal frequency of the two

middle items in Table 59; this combization represents the frequency t

with which employers of technicians had made-some contribution to the

furthe tion of their employees.- Approximately 34 percent of

the teSi ns in this :a.mpenwreported such to be the case, although

it was noticeably less so fotrCivil technicians when data for the

gr44patess were examined separately. t _

The graduates were also asked to state the purpose of any

further educational or training expAriences they had underipne Si

graduation. A summary -of the responses l's--given in Table 60. Many

graduates, of course, made multiple responses.

Approximately one-third of the graduates in the sample rec4ived

orientatioji and instruction in companyepolicy; slightly more than

TABLE 60.--Purposes of Further Education Report* by 410? Gradukes of
Associate Degree Engineering Technology Programs.

S

. Purpose of Education or Train
Frequency of Response

Number Percefttage

...

Oritntation and instruction,in collinpany policy,

Acgyiring knowledge directly needed on job
AcqWring skills directly needed on job
Preparepon for' advancement to a higher

position

Expectation of seeking another position .

and employer

Self-improvement only

143 35

222 .54

145 35

122 30

33 8

64 16

1/4



one-half required further knowledge directly needed on 'che1 job; and

about one-third needed additional skills for their jobs. The Civil

technology graduates in'the sample reported the purpose of acOiring

skill less frequently than others; apparently the skills they need

for the first job (suAying, drafting, etc.) are well covered in

their associate degree programs. GraduateS in the North Central

region tended 'to report the purpose of skill acquisition more

frequehtly than other graduates; one can-conjecture that the nature

of the school environMent and the Work environment may match less

well in this region than in others.

About 30 percent of the gn.duates reported they had pursued

further educational expeiences in order to prepare for a higher

positNn; 8 percent repplimted the expectation of changing both their

employer ancl their job: These results imply the existence of both

4a potential for fairly rapid omotion to positions beyohd those

available for entry and a rimarkably stable technical work force

for the first 18imonths,of.employment.

One graduate in six reported further education for personal

improvement purposes only. This statistic raises several questions:

Does-such continued study represent a desire on the part of associate

degree graduates to seek the higher status that an added degree might ,

bring? Dpes it perhaps merely reflect an enthusiasm for learning

acquired during the process of acquiring the associate degree? -How

well is this statistic (16 percent of associate degree graduates)

a measure of the national "continuing education" market? Or is this

response a convenient one to disguise other motivations? No answers

are available, and further research is inditated.

Career Deo,isions

Graduates were asked to respond to a question related to the

time of their career decisions (Questionnaire Item 11). Tables 61

and 62 display summaries of the responses, with distributions by

) technical specialty and by region. .Entries in the tables are the

percentages A graduates df each category which gave the indicated

response; entries 'to not add to 100 percent because some graduates
----

.did not respond. The entries in t-n...af table suggest (1) that civil

technology graduates perhaps were more likely to have made career

decisions in high school, whereas graduates from most curricula

delayed that decision until they were in college, and (2) that

students in the northeast region were more likely to have made -

as
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TABLE 61.--Time of Career Decision Reported by 412 Graduates of Associate

Degree Engineering Techiioldgy Programs, Showing Percentage
Distribution by Technical' Specialty.

7

Technical

Specialty

4,04-..

TiMe of Career Decision

Before

High School
During

High School
While in

College

While

Employed

Civil -3 44 30 20
Electrical 8 24 40 21

Mechanical
if: 21 54 11

Other 5 36 43 12
TOTAL 6 30 42 16

TABLE 62.--Time of Career Decision Reporfcy-17-12 Graduates of Associate
Degree Engineering Technology Programs, Showing Percentages
Distribution by Geographic Region of United States.

Geographic

Region

Time of Career Decision

Before During While in
High School High School College

While

Employed

E..-

Northeast 4 47 31 11
Southeast 3 37 42 14
North Central 9 16 59 16
South Central 7 23 35 25
West 8 16 47 22

TOTAL U.S. 6' 30 42 16

early career decisions. It is interesting that few graduates,

only 6 percent of the sample, reported having made career decisions

before their high school years.

Factors of Influence

Graduates were asked what factors th0 perceived as having

influenced their career decisions (Ques.tionnaire Item 12). A

Summary of.responses is shown in Table 63. Some graduates listed

several factors, so the sum of percentages in the table exceeds
r

15'
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TABLE 'U.Factors Cited as Having Influenced the Career Decisions_
of 412 Graduates of Associate Degree Engineering Technology
Programs.

Factor Percentage of Graduates
Citing,Factora

'

Influenced by father or other members of
familA in similar occupations

Influenced by someone, other than a relative,
in the occupation

Influenced by a high school teacher or
caun6 selor .

Developed an interest while in another job

Developed an interest from articles and
advertisements in newspapers, other media

Other (military service, etc.)

20

32

15

24

11

17

aTotal exceeds 100 percent because of multiple responses by some graduates.

4

100 percent. It may be important that approximately one-half of

)
these graduate/ listed the influence of some person (relative or

non-relative) in the same or a similar occupation as having affected

their career decision; the influence of high school teachers or

counselors was cited appreciably less often.

These graduates were also asked what factors hqd influenced them

in their choice of institution (Questionnaire Item 13). Table 64

shows a,summary of the responses. As shown in the table, factors of

"location" and "Cost" were mentioned much more often than any others;

it is interesting- that "information from friends" was cited more

frequently than "adtiice from.parents" or "advice from high school

counselor." The responses from this sample of graduates were some-

what similar to the responses from a sample of students studied pre-

viously. Table 65 shoWs, the relationshi between the two sets of

data. A. possible inference to be drawn fr Table '65 is that studentg

currently enrolled in associate degree engineerihg technolo

ricula were, in selecting a college, even less influenced by ot r

persons than were their immediate predecessors. The implication for%

guidance is :chat information on schools should reach directly the

students to be recruited. An alternative inference is that location

1 S
`- 4-1 411
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TABLE 64.--Factors Cited as Having Influenced the College Choices of

412 Graduates of AssociateDegree Engineering Technology
Prog rams.

Factor
Percentage of Graduates

Citing Factora

Location 63

Costs 42'

Advice from Parents 10

Advice from high school counselor 21

Information from friends 32

Publi.cations of Institution'. 32

Other 11

0
aTotal exceeds 100 percent because of multiple responses.

TABLE 65.--Comparison of College-Choice Influences, Recent Graduates
and Current Students, Associate Degree Engineering Technology,
Programs.

Factor Influencing

College Choice
Percentage Citing Factora
Graduates Studentsb

Location

Costs

Influence

Teachers,
Influence

Other

of parents,
etc.

of friends

63

42

31

32

43

63

43

2

19

45

Totals exceed 100 percent because of multiple responses.

bAdapted from Table 47, chapter 7, herein.

and costs have become such major considerations in choice of a college

that other'factors have assumed relatively. unimportant roles.

Satisfaction with Eduction

The graduates in this sa!ple were asked their opinions about

how well their educational experierice had prepared them for their

first employme

4111r

(Questionnaire Item 14). The responses, by tech-

t15,:
0
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nical specialty of the zr7aduates are summarized in Table 66, where

entries are the percentages of graduates of each categofy giving

the indicated responses. As can be noted in the table, few (only

5 percent of the sample) perceived themselves as "inadequately"

prepared for their first employment. About 42 percentsof the sample

stated they were "excellently" prepared for their first job, the

remainder (slightly more than half) rating their preparation as

adequate. Civil technicians, as a group, were the most enthusiastic,

nearly two-thirds' rating their programs 4s excellent; mechanical

technicians gave slightly less positive ratings than the other groups.

If the percentages for "excellent" and "adequate" are combined, then

about 94 percent of all graduates had judged their educational

experiences tg be adequate or better for" their first job.

An analysis of these responses by geographic region was also

made, but no significant differences in response pattern were

detected.

qi
TABLE 66.--Perceptions of 412 Graduates of Associate Degree Engin4ering

Technology Programs on the Adequacy of their Education

_Technical Specialty
Perce44.ege,of Graduates Giving Rating

Excellent Adequate inadequate No Response

Civil 64% 33% 0% 3%

Electrical . 39 ' 58 3 0

Mechanical 41 ' 49 . 8 1

Other 33 58 8 . 1

. - IOTA TR 52% Tif -Tr

Job Activities of Graduates

item 15 of the Questionnaire sought to elicit data-from which

an analysis of technician's jOb activities might be made in terms

of the frequency of performance of certain tasks. -1-1e tasks considered

were defined on the questionnaire instrument itself (see Appendix F).

Respondents marked the frequency-with which they performed each task

as "About once per month," "About once per week,"'or "Daily or nearly

1v
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so."1 Only 299 of the 412 graduates in the driginal sample completed

this item satisfactorily; thus, a sub-sample of 299 graduates, dis-

tributed by technical specialty and by region as indicatedhin the

N-matrix of'Figure 15, formed the data base for the analyses which

appear in this sections

FIGURE 15.--Distribution by Region and by Technical Specialty

of a Sub-Sample of 299 Graduates of Associate Degree
Engineering Technology Programs.

Technical

Specialty

Region

1 2 3 , 4 5 U.S.

Civil - 20 - 3 10 33

Electrical 23 14 12 1 40 22 111

Mechanical 12 18 7

i

i 12 12 61

Other 30 14 23 1 12' 15 94

TOTAL 65 66 42 67 ,., 59 299._

Pec..,-tion of tata for this item iT.volvet :the follow2nz steps:

(1) assigning raw clata tc the appropriate ce as Lmpliet

';-X-.t,"x of Fig.;re 15,

(2) talLying by ce _ the "montn11,y,: "weey.ly" aht "tally"

performance rate frequencies wnicn were rPpsrtPt,

(3) computing "welghtet task scores" for each cell by

evaluating the montnly, weekly ant daily performances

respectively at one, th.ree and five times _rte:_

uences ant then s-mming these res

freq-

(L,) tiviting the weigntet task scores froil step (3) by .

the corresponding cell sizes to obtain a "task

performance index";

(5) assigning eacr task ant its value of task .perfcirmance

index to a "task `luster" (see Table 67 for a- listing

of tasks by cluster);

'Performance frequency categories of "Never" and "Less than

once per month" also appeared; the responses-in these categories,
however, proved Ipt to contribute to the results and hence were not
used in the analysis. In addition, estimates of tire spent per

week on each task were requested; these responses were also rejected
from the analysis because of internal inconsistencies in most of
the questionnaires retumned.
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TABLE 67.--Tasks and Task Clusters Associated with the Job l Held by Engineering
Technicians, as Adopted for a Job Activity Profile Analytis'

Task Cluster Task.a

1. Design Related Tasks 1. Analysis
2. Derivation

3. Desiin

4. DeSin Assistance

2. Development Related Tasks

1
1. Building Things
2. Data Recording
3. 'Instrumentation
4. Experimentation
5. Evaluation

6. Recommending Modifications
7. Performance Testing
8. Materials Testing
9. Reliability

3. Drafting Related Tasks

4.

5.

6.

7.

8.

9.

10.

1. Check Drawings

2. Drafting, design

3. 'Drafttng, detail
4. Drafting, layout

Geodosy Related Task: T.

2.

3.

sapping

Surveying, Instrument Man
Surveying, Rod Man)

Supervision Related Tasks 1. -Communications

2. Coordination
3. Expediting

4. Planning and Scheduling
5. Supervision
6. Training

7. Writing Change Notices
8. Writing Standard -Practices

Process Related Tasks 1. Manufacturing
2. Process' Control

3. Inspection, Quality Control
4. Methods, Quality Control
5. Methods, Production
6. Plant Layout

Equipment Related Tasks 1. Operating

2. Installation .

3. Calibration and Adjustment.
4.- Inspection, Maintenance
S. Troubleshooting
6. Repair
7% Modification

Cost-Sales Related Tasks 1. Cost Estimating
2. Quantity Estimating
3. Writing Specifications
4.- Purchasing

5. Writing Proposals
6. Marketing and Sales
7 Customer Service

Reporting Tasks 1. Verbal Reports
2. Writing Reports

Other 1. Company Training
2. Programming

3. Technical Publications

aFor definitions of tasks,see Appendix F
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A

(6) computing the mean of the values of the task perfor-

mance indices for the tasks within'each task cluster;

(7) plotting all the values of task performance index

from step (5) an8 task cluster mean from step (6) to

obtain a " -job activity profile"; and

(8) comparing the resulting diagrams for each cell in an

effort to detect any differences in job activity

profiles which could be related to the technical

specialty or the geographic region of the graduates.

The data are presented in Table 68'7, a discussion of some of the results

follows:

Jab Activity Profiles. -- Figures 15, 17, and 18 show jot activity
0

profiles by technical specialty for gl"aduates of associate degree

curricula in civil, electrical/electrorfics, and mechanical engineering

technology, respectively; Figure.19 is a profile for graduates from

all other c,:rricula and Figure 2C is a composite fob activity profile

for all graduates in this sub- sample. of 299 men. 3n each figure, valL.es

of a "tasK performance intex" (definition supra) are tisplayec as

FIGURE 16.-- Job Activity Profile for Civil Engineering Technicians
in .Entry Level Jobs

Gil
3 4 5 6

iI
8 9 10

Tasks by Cluster

I
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TABLE 68.--Task Performance Index Values by Specialty and By Region For
Associate Degree Technicians in Entry Level Jobsa

Tisk
Cluster Task

Technical Specialty by 16eiglon
AllCivil Electrical Mechanical Other 1 Technicians

2 4 5

,

US ' 1 2 3 4 5 US
s

1 2 3 4 5 US 1 2 3 4 5 US

1 1

2

3

4

2 . 4 1 . 7

.62 7
2 . 0 1 , 0
2 2 1 3

.8
13

1 4

2 1

1.8' 2 4

8. .6
1 8 1 4

2 1 1 2

1 3 2,5 1.9 1 2 1 9

4 2 .1 3 3

1 1 9 7 .8 8 r o
1 1 .8 ".7 1 0 9

1 6 2 2 2,9 2 6 2.8 2 4

- 9 3 1 5 .5 6

1 9 3 . 7 1 6 2 . 7 1 4 2 5
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2

1

1
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6 2 6 - 3'
1 4 1 9 1.2 2 1 .1.6 L

.9 1 5 1 6 2 6 11 5 '',-

2 2

4

1 6
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2 1

2

3

4

5

6
7

9

9

a
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1
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.

1

1 0
1 1

1 0

1 1

3

3

1.9
1 7

-

6

1 4

5

-

9
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1

5
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1 7'20
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6 1.0
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5 1 0
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.

.
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1

1

2 9 4 3 i 5 ,

1 8 1.3 1 8 4 1 1

.6 1 0 1 0 - , 7 ,
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8
7

1 1
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1 4

6
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3 1 2

2 2
3 1

4 2

-
-

7

2 7
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3 1

2 0
2 8

Z 1 , 1 8

2 6, 5

1 8 2

2 5 ' .4

2 4 1 8 1 2 9 1 5 2 0 3 0 7 2 5 1 2 2 1 1

9 2 6 4 5 1 4 2'8 1 1 2 4 1 1 1 9 ,

1 2 2 2 2 1 6 2 9 9 2 3 1 4 '2 0 1

- , 3 3 .8 2 . 3 92.210 1 . 5 1

1 9 1 3 8 2 7 1 6

8 2 1 2 8 2 6 1 7

7 1 6 2 8 3 6 1 7'
1 1 1 8 2 0 3 4 1 7

1 7

1 4

1 `2

1.2
4 1 1

2 3

3 1 1

-
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-

1 13

3 3

3 4

1 41 -
3 0
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2

t
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3 I - .1 2
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2
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6 1 2 1 7

7 5 7

8 4 1.0
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1 5

5

8

2 1

8
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1 4
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9 1 6 - 8 8 1 0 1

8 2 1 2 6 1 3 6 1 4 1

2 4 9 .2 1 0 5

4 1 1 4 1 2 8 81
1 .9 - 4 - ,

361126 5 1

3 9 1 0 2 7 1 7 1 9i
1 9 6 1 3 3 1,,,.0,

2 1 8 9 6 1:7-
1

!
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7

7
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2 .9 1 0
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-
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-
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1 2 8 2 3 1 1 2 5

1 2 1 4 2 7 2 0 1 8

1 6 - 2 0 9 2 2
9 7 1 3 1 8 2 4

1 1 1 0 2 1 3 - - 7,
; 1 1 8 5- - - 6'
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4

.
5

-
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1

1

1

-

1 .1
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1 7
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9
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-
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7 1 2 - 2 4 A - 7 2 3' 1 6 - 9 1 0 4;

5

4

3

im

a For definitions of Tasks and Clusters, see Table 67, for deflnitlon
of Task Performance Index, see xt, supra.
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vertical lines for each of 53 "tasks"-(definitions in Appendix F) in 10

different "task clusters" (definition supra, Table 67); in addition,
1task cluster means are shown on each figure. The resulting profiles

indicate the relative frequency of performance of certain tasks by

engineering techniciatt of various kinds in .entry level jobs. These

profiles give some insights into the manpower utilization practices

of emplblers, predict the job activitieMich newly graduated tech-

nicians may expect, and have some implications for educators. Some

caution in interpretation is urged: the task performance index is

only a quantitative measure, not a qualitative one; it may well be

true that certain tasks performed very infrequently are the most im-

portant ones in a technician's job description and the aiAt qua non

of his employment. These profiles, however, have important and use-
.

1 descriptive val.le within the limits noted.

,_;7.:serva:1:na on ProfvZes.--Examination of Figures CE througn 2C

yeilo certain observations about the characteristics of the entry

level jobs which various kinds of technicians ha,.7e. Civil technicians,

x

E
L
0

OJ

H

FIGURE lr.c,-Job Activity Profile for Electrical/Electronics

Engineering Technicians in Entel Level Jobs
4

iii 11

5

iu
7 8 l0

Tasks by Cluster
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for example, show a high profile in drafting-related, Igeodosy-related

and reporting tasks with limited activity directed toward tasks in

the process-related cluster. Electrical/electronics technicians, on

the other hand have a high profile in equipment - related tasks, a mod-

erately low profile in most areas, and--predictably--a Zero profile

in geodosy-related-lasks. Mechanical technicians have 4 high profile

in drafting - related and design related task clusters, moderately

high profiles in supervision-related and equipment-relat'pd tasks,

and a zero profile ingeodosy-related tasks. The "other'? group,

Figure 19, consists of a variety,ft techniciansaeronautical,

conditioning, building construction, chemical, drafting, environmental,

etc.--with a diversified employment; hence, it is to be e*pected that

the identifying characteristics f employment'of such a group would

become blurred unless such characteristics were common to the employ-

ment of most members of the group. Indeed, only the drafting- ('elated

tasks annear with a high profile.

Figure 20, which is the composite profile for the entire sample,

serves to indicate the relative frequencies with which a variety of

.

V

U

ro

O

ro

FIGURE 16. --Job Activity Profile for Mechanical Engineering

Technicians in Entry Level Jobs.
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FIGURE 19.--Job Activity Profile for Engineering Technicians Other
Than Civil, Electrical/Electronics, or Mechanical in

Entry Level Jobs
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Tasks by Cluster

I

FIGURE 20. --Composite Job Activity Profile for a Mixed Sample of
299 Engineering Technicians in Entry Level Jobs.
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tasks are pe Formed by technicians of all types. For Example, the

low task per manc index for the geodosy-related cluster implies

that ther0 e is only, a small proportion of the total population of

associate 'degree technicians engaged frequently in mapping or survey-

ing operations. It is interesting to note that the "reporting"

cluster (i.e., verbal reports, writing reports) has the highest value

of task performance index on this diagram; evidently, responsibilities

for reporting are common to most technician jobs.

Emphasis on Specific Taeke.--The-entry level jobs of technicians

of !/kA,/lus types seem to be characterized IN frequent performance of

certain specific tasks. The most frequently performed tasks are

usually, bough not always, associated with task,clusters having high

cluster means. Table 69 lists relevant data for civil, electrical/

electronics, and mechanical technicians. In the table, the'ten tasks

of highest task performance index are listed in rank order; where the

task has a high index it is marked with a double asterisk, and a

single asterisk is used where the index is moderately high.' These

lists of frequently perforMed tasks'indicate in a genera; way the

major focus of the job activities of the three kinds of technicians

considered. The civil technician, for example, is often on a surveying

team, and has considerable responsibility for supervising the work

of others; he al'so is often found working at the drawing board,

designing, assisting to design, or doing layout work. The electrical/

electrorics t,.chnician is principally a troubleshooter; he identifies

problems with equipment,. calibrates and adjusts, repairs, tests and

does analysis. The mechanical technician is seeminglyusedjibroadly,

in design, analysis, coordination, drafting, reporting, data'recording,

building models or prototypes.

Regional Differences.--The job activities of technicians show

ome-intra-specialty differences by geographic region. Table 70

indicates in broad fashion some of the major differences, in terms

of the relative frequency of performance of certain task clusters;

this table has been constructed from the detailed data of Table 67.

From Table 70 the following interpretations can be made.

Civil Technicians: T job activities of civil technicians
employed in the Southeast gion of the United States apparently
are more characterized by supervisory responsibilities (coal-

, munications, coordination, planning and scheduling, supervising,

1For the analysis here, task performance indices were rated
as follows: under 0.6, "low;" 0.7-1.6, "moderately low;" 1.7-2.4.
"moderately high;" 2.7 and above, "high".

16



TABLE 69.--Ten Most Frequently Performed Tasks: CiviT,,Electrical/Electronics, and
Mechanical Techniciansa.

Rank Order

of Frequency

Ta'sks, by Technical Specialty of Technician

001 Electrical/Electronics Mechanical

1 **Surveyihg., Inst. Man

2 **Coordination

3 **Supervising

*Design Drifting

*Layout Drafting.'

6 go*Design Assistance

7 Cl *Check Drawings'

8 *In-spection, Qual. Control

9 *Quantity Eitimating

10 *Detail Drafting
0

4

5

r

**Troubleshooting *Design

*Calibi'ation and A.Odrstment *Analysis

*Repair *Coordination

*PerformanCe Testing

*Analysis

*Building Things

Data Recording

Operating

Check Drawing

Verbal Reports

*Check Drawings

*Detail Drafting

*Verbal Reports

feta Recort ding

Ilesign Drafting

t*Building Things

*Troubleshooting

, c7
aEnWes marked with a double. asterisk (**) are tasks with a "high" task perfo-rmapce
invikx; entries marked with -a single asterisk (*) have a "moderately high" index.

6
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TABLE .--Task Cluter Means, Job Activities, for Associate Degree
Teckniciihs'in Entry Level Jobs, by Region and by Specialty,

Technical

Specialty

Y Task

Clustera
Region 4

T 2 3 4 5 U.S.

_

Cfvilb 1 1.8 1.3 1.6
2

3 ,

.9

2.4

.5

2.3

.8

2.3
4 2.0 2.8 2.3
5 2.1 . 1.0 1.8

6 .7 .2 .6

7 .9 .4 .8

8,- 1.2 .4 1.0
9 1.9 1.3 1.8

10 .4 .3 .5

Electrical/ 1 1.4 1.2 1 J .9 .8 1.0
Electronics 2 1.1. 1.1 .9 i.1 1.2 1.0

3 .7 1.1 .5 .6 .6 .6

4 .1 .- - -

5 .9 1.3 .9 .8' .5 .8

6 .3 .3 .1 .4 .2 .3

7 .9 2.4 1.9 2.0 2.3 1..8

8 .6 1.0 .3 .4 .3 .4

9 .9 2.1 1/2 1.2 1.1 1.4

10 .5 .7 .6 :.2 .6 .4

Mechanicll 1 1.2 2.3 1.4 1 1.9 1.5 1.8
2 .9 .7 1.7 1.7 1.1 1.2

3 1.5 2.8 .9 '2:4 1.2 i 1.9

4 - .2 -- -

5 .7 1.7 .8 1.1 1.1 1.2

6 .6 .6 1.2 .7 .6 .7

7 1.3 .6 1..7 114 2.2 1.3
8 .5 1.5 .4 .9 .8

9'. 1.3 1.3 1.1 1.6 1.6

4 10' .4 .2 .8 .5 .4

Other 1 1.,4 1.6 1.3 1.7 1.7 1.5
2 .8 1.2 09 .9 .2 .7

,.
3 1,1 1.1 1.7 2.1 3.1 1.7

' 4 :3 .2 .3 - .2 .1Ir

5 1.0 2.3 .8 '1.4., .6 1.1

=6 .3 .7 .4 .1 .2 ,.4

7 f'" 1.2 .9 .9 :4 '' .2 .8

8 .7 -1-5 .7 .5 .5 .7

9 1.2 2.3 2.1 1.9 .1 1.6
10 .4 .1 .6 .4 .4

ASee fable 67 for definition.

bGroups too small for anlaysis in Regions 1,3 and 4.

4%.
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etc.) than in the west,

Electrical/Electronics Technicians: 'The general charact-
eristics of the job.activities of electrical/electronics tech-
nicians are similar throughout the United States; in the north-
east, however, such technicians perform equipment-related tasks
appreciably less frequently and are slightly more associated
with design-related tasks.,,,

a
Mechanical Technicians: Job activities of Achanical

technicians in the Southeast reflect a relationship with cost-
sales activities which is not characteristic in Other regions. N
Mechanical technicians in the North Central region are apiPical
of the group as a whole: their job activity profes are higher
in. development-related and process-related tasks, and,considerably
lower in the drafting-related and equipment related clusters,

Other Technicians: Fqpilipchnicians other than tho,se in
civil; electrical/electronitror mechanical specialties, the
regional differences are minor:-in the southeast, these tech-
nicians are more associated with cost-sales activities; in the
Vest, .such technicians apparently have lesser association with
reporting-related and with equipment-related activities.

Summary
.

Graduates of associate degree curricula in engineering technology

responded to a questionnaire designed to elicit innrmation related

to job titles, salaries, continuing educatio?i, factors which had in-

fluenced college-choice, and job activities. More than 400 usable

responses, representative of the graduates of 16 institutions in

all parts of the country, were subjected to analysis. aThe graduates

included were men their firstjob (Or first 18 montIs) since

graduation.

Job titles most often included the word ."technician," modified

or unmodified; nearly 30 percent of the titles reported were of this

sort. Job titles containing the nouns 'aide," "assistant" or

"associatft" appeared with appreciable frequency, asiiid titles in-
-

cluding the noun "engineer."

dr
Salaries,,as reported by the graduates, had a mean value of

$688 per tonth. Civil engineering technicians appear to command

slightly lqwer salaries than other kindsuof techniCians, and salaries

of techniCians 1n the westein regio'n of -te country appear to lag

salaries in other regions. Technicians in the North Central region

reported slightly higher salaries than the national average. Com-

parisonsparisons of mean salaries by technical specialty and by region in

no cases however; revealed a grots variation.

The technicians in this sample had a mean age of nearly 25 years,

slightly more than the predictable mean; technicians in the northeast

region appeared to be somewhat younger in the mean.

£The parfl'ern of responses suggests that participation in on-the-

job and in-service training is a fairly common experience among newly-

/4 1 6 U
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hired technicians, for about two-thirds of the graduates in the sample

reported such experiences. Moreover, 34 percent of the graduates

reported attending school and having the costs of such education sub-

sidized, wholly or in part, by their employers. The reasons most
., -. .

oliten cited for such schooling--other than those of orientation and

instruction in company policy--were to gal') knowledge or skills dir-

ectly needed on the job (over 80% of the cases) or to preiare for

advancement to a higher position (30% of the cases).

The graduates reported that their caree decisions were made

largely while they were in college (92 percent of the cases) or in
,1

hig school (30 percent of the cases); the, factor most often cited

31as aving relationship to the occupational choice was the influence

of an individual (relative or non-relative) in the same or a similar

occupation. "Location" and "costs" were the factors most often Cited
L,

as having affected the college- choice of these individuals.
*

.,e" ' Most technicians reported satisfaction with their' collegiate

studie; 52 percent rated their educational programs as "adequate"

and 42 percent rated them "excellent." Civil technicians were espec---

Tally enthusiastic.
.

-

f
A sub-sample o llmost 300 - technicians supplied detailed data

from which a job ac ivity analysis was made in terms of the frequency

of performance of certain tasks. The job activity profile's which

resulted suggested that tasks related to "reporting" were common to

all technician jobs, that civil technicians were most frequently

surveyors an supervisors, that electrical/electronics were principally

"trouble-shooters" with responsibility for equipment, and that mech-

anical technicians are used most frequently in design-related tasks.

Some minor regiohal differences in the utilization of technician
/

manpower were apparent. A composite job activity profile for all
.,

technicians revealed that design-related, drafting-related, and

reporting-related task clusters constitute the common elements of

all technician jobs. The implications are clear for formal study

of mathematics, graphics and communications in engineering technology

education programs.

Careful study of the jobactivity profiles presented herein can

be of benefit to employers educators and technicians, for the pro-

files indicate *hat expectations a graduate of an engineering tech-

nology curriculum, may have for his first job after graduation and

give insights into the kinds of.preparation which may prove especially

relevant to such employment.
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CHAPTER 9

CERTIFICATION, OF ENGINEERING TECHNICIANS

This paper describes briefly the progress in and prospects for

the certification of engineering technicians. It contains a brief

history of this certification prograr and gives summary statistics

on the statue of certification efforts.

The Certification Process

Certification is a formal method by which the indiZridual engineer

ing technician can achieve documentary recognition for his education,

experience and competencies. In many cases, such certification may

enhance the technician's opportunities for carter advancement. This

certification is a voluntary process, carried out under the auspices

of a non-profit body, the Institute for the Certification of engineer-

ing Technicians, 2029 K Street, N.W., Washington, D.C. 20006.

The Establishment of ICET

The Institute for the Certification of Engineering Technicians

pCET) is a part of the National Society of Professional Engineers,

having beep established by NSPE action on February 10, 1961. As

early aSillit958, NSPE had established a study committee to consider

the emtrging pro4.110011 providing a suitable means of recognizing

engineering technicians and simultaneously differentiating -their

functions from those of ,professional engineers. The study committee

deliberated fdr several years and Vftmitted its report in June 1960,

recommending the formation of a body which would (1) help to elevae

performance standards of engineering technicians; (2) determine the

competence of engineering technicians by means of investigations

and examinations to test the qualifications of thosedrho might apply;

(3) grant and issue certificates to those engineering technicians

who apply and qualify; and (4) maintain a registry of the holders of

such certificates. NSPE's acceptance of the committee report and

qub54quent favorable action established ICET.

ICET's Definition of the Engineering Technician

ICET had initially accepted the definition of the term "engineer-

ing technician" which the Engineers' Council for Professional

-165- 1()Li.
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nition to read as follows:

-166-

Development published in'1953,1 but subsequently modified the defi-

An enlineerint technician is one who, in support of and
under the direction of professional engineers or scientists,
can carry oat in a responsible manner either proven techniques,

which are common knowledge among those who are technically
expert in a particular technology, or those techniques especially
prescribed by professional engineers.

Performance as an engineering technician requires the appli-
cation of principles, methods and techniques appropriate to a

. field of technology, combined with practical knowledge of the

'.construction, application, properties, operation, and limitations
of engineering systems, processes, structures, machinery, devices,

or'materials, and, as required, related manual crafts, instru-
mental, mathematical or graphic skills.

Under professional direction ari engineering technician
analyzes and solves technological problems, prepares formal

reports on experiments, tests and other similar projects or
carries out functions such as drafting, surveying, technical
sales, advising consumers, technical writing, teaching or
training: An erleineering technician need not have an education
equivalent in type, scope, and rigor to that required of an
engineer; however, he must have a more theoretical education

with greater mathematical depth and experience over a broader
field than is required of skilled craftsmen who often work
under his supervision.2

lf

ICET distributes this definition widely, including, it in both internal

documents and published literature.3

ICET's Operations

'ICET is organized as a Board of Trustees of eight members,_

four professional engineers and four senior engineering technicians.

Board members, who are unpaid, serve staggered, four-year terms;

one engineer and one technician are replaced each year. ICET has a

) full-time executive secretary, Bernard Riggs, who has served ip that

( capacity since October 1965.

ICET is a certifying and examining body only. It is not a li-

censing body; unlike state registration boards for professional

engineers, which have 'legal status, ICET has no similar authority

provided by statute. Nor is ICEDT a society offeringt, membership to

individuals or groups; however, a technician who has received certif-

ication may join the American Society of Certified Engineering

'Engineers' Council for Professional Development. "Report of
Recognition Cpmmittee," ECPD 218t Annual Report. (New York: The

Council, 19531, p.17.

2Institute for the Certification of Engineering Technicians,
"Minutes of the Board of Trustees"; January 1966.

3See, for egample, Kenneth C. Briegel, "Certification of
Engineering Technicians," Journal of Engineering Education, Nov.

. 19 , p.190.

1!1=
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Technicians (ASCET) in much the same manner as a registered prof-

essional engineer may affiliate with NSPE.

ICET has established three grades of certification: Associate

engineering technician,1 engineering technician, and senior engineer-
..

ing technician. Table 71, summarizes the criteria for certification

for lach of these grades. In applying tnese criteria, the ICE': scam

accepts endorsements from persons with B.S. degrees in engineering -

or science And from certain other supervisors. The Board may also

waive the require5snt of'an examination.

An individual wishing to become certified in one of the three

grades submits an applicati9h, pays a $10 fee,-and arranges for

endorsements to be forwarded-ICET. In his application, he sibpplies

personal information and a detailed summary of his,work assignmentst

including the degree of responsibility involved in his work. The

Board carefully reviews the applicant's statement ant those of t ..e

references, approving certification if all reqdirements are met ant

evidence of progressive personal advancement appears. in cases of

doubt, the Board may either reject the application, offer an oppor-

tunity for examination, or offer certifiLation in a lower grade.

It is the Board's policy to uphold the established standards, even

though mistakes of rejection of qualified individuals may occur.

Effective January 1, 1973, an examination will be mangatory for

initial certification in the lower two grades unless the applicant

is a graduate of an ECPD-accredited curriculum. Also, effective

at the same time, a written paper in lieu of examination will be

required of applicants for initial certification as Senior Engi-

neering Technicians.

Technicians certifies in one of the lower grades can upgrade

their certifications by submitting appropeiate evidence to ICET;

the fee for -pgrac:17-,g is $5. An annual renewal fee,of $3 is charged

to keep certification current.

Progress in Certification

Since applications were first accepted, IOU has issued more

than 20,000 certificates; number 25,000 is expected to be issued by

mid-1971. Table 72lists the numbers of technicians certified by year

for the periOd during which ICET has existed. Inferences about the

1 The "associate engineering technician" grade was originally

called "junior engineering technician"; the word "associate" replaced
"junior" effective January 1, 1971.

17r
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TABLE 71.--Minimum Requirements for Certification in Various
Engineering Technician Grades.

Education and/or
Grade Age Experience Qualifications

Senior No maximum, (a) Graduation from an Demonstrated,
Engineering 35 years ECPD-accredited pro- high qualifica-
Techniciao minimum gram in engineering Lions; knowledge

technology plus 15a of detailed tech-
years engineering nic81 character.
technician experience Responsible per-
under the direction formance.
of a professional en-

\ gineer or equivalent or
,-. (b) 17 years engineerin

technician xperienc
under the irection of

C
a profes, nal engi-

neeT or equivalent.

Engineering No maximum,

Technician 25 years

minimum

(a) Graduation from an Demonstrated tech-
ECPD-accredited pro- nical knowledge
gram in engineering plus satisfactory
technology plus 5 . completion of an
years engineering examination.c
technician experience
under the direction
of a professional

engineer or equiva-
lent, or

(b) 7 years engineering

technician experience
under the direction'
of a professional

engineer or equivalent.

Associate No' maximum (a) Graduation from an Elementary tech-
Engineering No minimum ECPD-accredited pro- nical ability.
Technician gram in engineering

technology, or EnAorsement.from
(b) 2 years engineering one professional

technician experience engineer or equiv-
under the direction alento, .

of a professional

engineer or equivalent

4

a13 yearsif graduated from an ECPD-accredited baccalaureate engi-
neering technology program.

b3 years, if graduated from an ECPD-accredited baccalaureate engi-
neering technology program.

cMay be waived at the discretion of the Board.

1 '7'),,,e
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TABLE 72.--Number of Certified Engineering \Technicians by Grade
dond Year, 1964-1971a.

Yearb

Technicians With Current Certificates

Associates
Engineering

Technician
Engineering
Technician

Senior

Engineering

Technician Total

1964 462 929 416 1,807

'1965 640 1,323 630 2,593

1966 1,820 3,738 2,015 7,570

1967 2,016 4,068 2,227 8,311

1968 2,458 4,858 2,764 /10,020

1969 3,758 5,798 3,426 12,982

1970 4,915 , 6,580 3,879 15,374

1971 6,340 8,610 5,503 20,453

aData supplied by ICET.

bReporting data is not the Tame from year to year; caution must be
used in drawing inferences'about certification rates.

Aro

'c"Junior," prior to 1971.

level of ICET's certification activity can be 'drawn from the data in

this table. Table 73 lists the distribution of certificate holders

bystate (all grades combined) as of May 1971. Table 74 shows the

progres's in certification by state, listing the number of certified

technicians of all grades by state and by year.

As may be noticed in Tables 72 and 74, the total number of indiv-

iduals with active certificates has increased rapidly in the last years.

One factor which perhaps has contributed substantially to this trend

has been the support given to ICET's certification effort by insti-

tutions having engineering technology curricula accredited by ECPD.

By arrangement with ICET, graduates of such curricula may be certified

as Associate Engineering Technicians at the time of graduation: Many

recent graduates have received dual credentials at their graduation

exercises; this is a practice expected to continue'and increase. A

second factor which will encourage certification is the growing trend

of employers to recognize and support the activity, Some firms pay

the certification fee; some give bonuses upon certification; and
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TABLE 73.--Distribution,* State of Certified Engineering Technicians
as of May 1, 1971.

State Number State Number

Alabama

Alaska

ATizona

22
59

331

Montana

Nebraska

Nevada

108

266

52
Arkansas 305 New Hampshire 83
California 661 New Jersey 274
Canal Zone 7 New Mexico

.

182
Colorado 209 New York 931
Connecticut 502 North Carolina 343
Delaware 148 North Dakota 90
D.C. 26 Ohio' 1,453
Florida 477 Oklahoma 501
Georgia 283 Oregbn
Hawaii 29 Pennsylvania

.357

1,075
Idaho 59 Puerto Rico 21
Illinois 1,079 Rhode.Island 65
Indiana 269 South CArolina 149
Iowa 58C SoutfiNakota 28
Kansas 944 Tennessee 587
Kentucky 193 Texas 2,658
Louisiana 215 Utah 20
Maine 78,9, Vermont 96
Maryland 34511 Virginia 534
Massachusetts 457 Washington 383
Michigan 578 West Virginia 134
Minnesota 556 Wisconsin 374
Mississippi 178 Wyoming t 18
Missouri 875 Outside the U.S. 106

others base promotions upon the possession of appropriate certificates.

The Engineering Division of 3M of St. Paul, Minnesota, the Westinghouse

Electric Company of Lima, Ohio, the Marley ,Company of Kansas City,

Missouri, and the firm of Consoer, Townsend and Associates, Chicago,

' Illinois, are-but'a few examples of such employers. ICET anticipates

a continued heavy workload in the years ahead.

Some Characteristics of CerAified

Engineering Technicians

Civil engineering technician's form proportionately the largest

group certified by ICET at this timt. Most of these technicians are

emgoyed by state highway departments or are in Some manner concerned

with road construttion projects of federal or state government.

Electronics technicians constitute the second largest group. .

When ICET initially began its certification procedures, approx-

imatily half of the engineering technicians certified were in the

174



-171-

TABLE 74.--Distribution of Certified Engineering Technicians bit

State for Selected Years, 1963-1'971,

STATE

Number of Certified Engineering Technicians y Year

Alabama 8 11

Alaska 2 4

Arizja % 6 12

Arkansas 3 8

California 51 96

Canal Zone 1 1

Colorado 6 10

Connecticut 15 35

Delaware 54 107

D.C. ca 4 17

Fldrida 26 77

Georgia 13 24

Hawaii 0 1 0

Idaho 4 7

Illinois 58 126

Indiana 17 36

Iowa 16 42

Kansas 15 45

Kentucky 6 12

Louisiana 10 27

Maine 1 9

Maryland 14 37

Massachusetts 38 50

Michigan 35 69

Minnesota 24 35

. Mississippi 7 15

Missouri 41 113

Montana 4 9

Nebraska, 11 31

Nevada 3 3

NeW Hampshire 5
*

8

New Jersey 24 38

New Mexico 21 37

New York 137 217

North Carolina N 15 46

North Dakota 3 4

Ohio 13D 267

Oklahoma 29 45

Oregon 8 29

Pennsylvania 135 220

- Puerto Rico -1 2

Rhode Island 2 6

South Carolina. 13 23

S.outh 0kota' 2 4

Tenn e 20 47

Texa 104 256

Utah 2 3

Vermont 3 3

Virginia 2

t.
60

.

Wasyngton 114

West Virginia 2 37

Wisconsin 37 54'

Wyoming 1

__

1

Outside the U.S. 1 2

TOTAL 1,473 2,593

1963 1965a 1967 19691 1971

46

23

f 94111,

85

303

3

81

126

1)5

13

230

80

4

2Q

504

105

169

512

65

62

18

118

140

264

176

44

441

54

90

-17

17

123

94

464

172

11

805

144

137

489

8

, 16

, 56
4

, 8

233

861-

&
17

169 ,4

, 197

/9
166

9

38

8,311 11

82

43

14

24

'42

122

59

331

305

661

7

12 209

25 502

142 148

12 26

3 9 477

1 0 283

9

99

1,079

269

580

944

193

.?15

78

4(345

91 457

75 578.

49- 4.56

97- 78

682 875,.

109 108

165 -266.

25 52

49 83

177 274

138 182

659 931

215 .343

45 90

805 1,453

144 501

137 367

489 1,075

8

16 !15

56 149

8 218

233 50

11

6

9

2

861

169 . 534(

197 383\

79 134\

9 371:\

166

.38 106 2,

,982 20,453

7

6

1 5 9

20

51

11

08

aData.collected at end of 1964



"engineering technician" (middle) grade, with about one-quarter in

the "junior engineering technician" (now, "associate") grade and

one-quarter in the "senior engineering technician" grade. Currently,

however, the greatest activity appears to be in the associate engi-

neering technician grade, and most of the applicants seem to be
i

recent graduates of schools with one or more ECPD-accredited curricula.

Some applicants for certification are graduates of community colleges

and use the examination route to certification.

Wome.' form a very small ippercenta e of the total number of

certified engineering technicians. I is estimated that only 150-

200 women are included in the total of nearly 25,04 individuals

who have received certificates..--

At the present time, few graduates of baccalaureate programs

are included among the enginCeering technicians certified. ICET

anticipates some problems if appreciable numbers of such individuals

apply.

Benefits of Certification

Certification 6f engineering technicians appears to provide a

number 41 benefits. Primarily, it adds status and prestige to the'

job. Certification also provides, with many employers, a basis for

komotibn of technicians. Furthermore, certification should clarify

the distinctions between the role of the engineer and that the

technician, hopefully resulting in better utilization of thit Nation's

total supply of technological manpower. Finally, the formal ident-

ification of technicians by certification and the communication among

technicians which has resulted from the
A

formatiOn of ASCET and the

Oarious local sections Jr this soety, cam' only Serve to enhance

the position of individuals and improve the performance standards

of engineering technicians in general.

a
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CHAPTER, 10

it

STVISTICAL MODEL FOR ~ENGINEERING TECHNOLOGY

EDUCATION IN THE UNITED STATES

This papeP1 preetnts a statistical model for\tngineering tech-

Aology education in the United States. Assumptions are made about

future manpower needs and 'then projections are made of the educat-

ional efforts required' to meet these needs. Finally, the proVected

statistics in the model .are compared to currently reported -statistics

.in order to asses's, ,tentatively, the nationalprogresa in engineering

"technology education.

Introductipn

All recent projections related to future national manpower needs

indicate enhanced demands for scientific and engineering technicians.2

These.projections reiterate and reinforce the experience of the past,

Engineering technicians, especially individuals wh associate or

higher degrees; have,been min somewhat short supply foF.Ithe past two
I '

4
decades; in 1968, for example, 48 percent of the employers responding

to a survey by the Engineering Manpower 'Commigsion reported "short-

falls" in meetin their employment goalsIfor engineering technicians,

some by as much ashal4of their goals.3 Hake/ever, there are indica-

tiolis that the gap between demand and supply is closing slightly.4

For example, an improved enrollment trend is noted in some--although

not all--bf the institutions which offer educational programs in

I

lit is emphasized that thins docoment is merely a position
paper with the views of its author. Endortement by the American
Society for Engineering Education orthe Advisory ComMittee for
SEE's Engineering Technology Edfoation Study is in no way iNlied.
e content is entirely the responsibility of the author. AI

0
lip 2For 'example, see U.S. Department of Labor, Manpower Rtport .

.

of the'President: .A Report on Manpower Nequirements,'Resources,

Uti,l-tzatios.' and,paintng (Washington: U.S. Goierftent Printing
Office A70); 137164ff., and U.S. Department of LOOP, Tomorrow's
ijkanpodirr Needs, Vol. 3 (W%shington: U.S. Goveilnment Prihting Office,
1969).

'

,

t- 3Engineers Jolnt Council, Engineertig Manpower Commission,
Demand for Engineers and Techniciians, 1968 (New York: The Council,
1969), pp.26-29.

g
- . 4U.S. Department-of Labor, Bureau of Labor Statistics,

.\\ Pechnician Manpower: 1986-,80, Bulletin 1639 CWashington: U.S.
Governt 0 o .ent Printing Office, ).

1
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idealized, statistical model for engineering technology education in
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- this area. But it is believed that a continued higher education.)

° effort, in expanding existing programs, iriaUgurding new program'7,

and providing faculstt, members and facilities, will be necessary

if,these initialnds -are to be firmed and real pAgress made.

In a preliminary ef4't to, assess the educational effort re-
. 1r

L

re-

quired to meet tip nation's needs for engineering technicians, az

. e $
the,United Stakes has'been constructed. The model attempts to match

--,, manpower needt with supply and to estimate, in 'terms of enrollments

and graduates, the educational effort in engineering technology

T
needed in each stte. The model and the assumptions on which it

is based are discussed in the'following paragraphs.

---2 s.

0,
Manpower Needs

*

Warious projection strategies have been employed to estimate

needs for engineering.technicians, but most techniques involve (l)

projecting future needs for engineers and scientists on the basis .

.

.------------,
of historical and trend data in an industry -by- industry classification,

(2) computing the ratio'o,technicians-to scientists and engineers

for each major industry sector"(this ratio currently has a mean value
.. .:

of 0,63), and (3) applying these ratios, corrected for trends in

r technician utilization, to the appropriate projection of scientific

and engineering-manpower to yeild technician man ower requirements. --.

4

Some of the results are sIpxn in Table 75. The, ources of the first,

TAkiLE 75.--Projections of Needs for Engineering Technicians, 197G-80,

Various Sources.

OP

Projection Projected Annual Need/

A

0

E

F

G

fit
64,600

'41 ,G00

.( 25,480

50,200' .

46,50.0

28,400

33,060a,

aThis figure has been adopted for construction of the model; see
discussion in text.

4

174J.
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six of these estimates are given below along with a discussion of

them.
4

Projection A

Source: Leonard A. Lecht, Manpower Needs for National Goals in the
1970's. New York: 'Frederick A. Praeger, 1969.

This source listed the following estimated annul job openings,

1966-1975, for technician fields:

Electrical and Electronic

Other Engineering

craftsmen and Designer

Life Sciences

Chemical

Phy'sics

, Other Physical Science

Mathematics

Comploter and Other' -1';,000

Assuming that the first three entries in this list titute the
se

engineering techno4;ogies, t/he total estimated annu need is thus

64,600. While these projections were made to 1975 only and were

based on 1966 levels of employment, it seems reasonable that the

same estimates would be as val-id at the end of the 1970-.8C-decade

as at its beginning,. The estimate was
T

predicted on what the author

termed a "lower limit for employment opportunities" based on "national

'Priorities" which reflect "more of the same" as existed in the 1960's

The author also projected a "higher' priority- alternative characterized

by bolder specific objectives," such as housing starts or massive

efforts in pollution control, which led too an'even hig<er esIimate

of the annual job opening for technicians; the "higher priority" -

estimate was for approximately'87,000 vacancies per year.-

34,400

7,100

23,100

14,300 ,

11,6004/

2,1:0

7,21:

1,20:

o.
i

Projection B
s. "' 11!

.4*.

Source: John D. Alder!! "Engineering Job Prosp-ects for 197 " in
.

Supply, Demand and Utilization ofScientists Ad Engineerst Scientific
Manpower Commission and Engineering Manpower Commission, shingpon:
The CO issions, 1970.

Ili

f

author cites an estimated average of 65,000 job openings per

year for engineers for the.nexI decade (see p.5), influenced but
.

'slightly by short-term tightening of the job market. "Irreversible

fActors in our technological society," a backlog of unfillecl jobs,
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changes in the draft laws, and adjustments of immigration quotas are

listed as arguments why atnual,manpower needs for engineers will not
1

go below the 65,000 level. Since the same author, 4 other Engi-

teering Manpower Commission publications, has -stated the ratio of .

technicians to enginars nationally to he .63 to 1, the implication

is that .63 x 65,000=41,004ecnician jobs will be available annually.*

41

Projection C

SourcCe: U.S. Departmerillof Labor, Te,ohnician Manpower, 1966-80,

Bulletin No. 1639, Bureau of Labor Statistics. Washi"fgton: U.S.

GoVerepent Printizg Office, 1970-. (Adapt 1.)
mg

The'BuAau of Labor Statistics has listed estimates of the

number of technicians of various categories employed in 1966 and
k..

projecte4 requirements in 1980 as shown i Tableable 76. Computations
. .

based on these data lead to the result's shown in Table 77. :n

making these computations, it was assumed (1)-that at least 50 per-

cent of the-draftsmen needed in 1980,should have 'associate or higher

degrees, (2) that all engineering technicians should-have associate

or higher degrees, and (3) that the "other" category (which included

.

TABLE 76.-- Employment of Technicians by Occupational Specialty,
Estimated 1966 and Projected 1980 Requirements.

Occupation

1966

Employment

t- 198Q

Requirements

Draftsmen . 272,300 434,300

Engineering Technians 299,200 453,800

Other Technicians 125,1'00 0 205,800

TABLE 77.--Projections of Iftreases in Needs for Technicians with
Associate or Higher Degrees, 1966-1980.

OccUpairtion

Employment Increases

1966-1980

Number Requiring

Assoc;ata or Higher
Degrees

Draftsmen 162,000 81,000 11

Engineering Technicianib. . 15A,600 .154,600
/14

Other Technicians 80,700 20,000

TOTAL 225,600

I
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computer programmers and mechanics, industrial designers, and sur-

veyors) consisted 25 percent of individuals who wollid be of the

engineering technician type and henCe need associate or higher degrees.

In addition to new job oker,dnts, a number, replacements to
--..

It.the 1966 work force dere believed necessary to ci

replacements

for lossEw

Illfrom the field due to death, re.;'Iremnt or transfers to other otcu-

pation Attrition rates of 26 percent were assumed for employees

already in the field in 1966, 15 percent for these wno entered it

during the 19E6-19E: period. With farther assumptions that replace-
i

rents for one-half the replaced draftsmen, all the replacedengi-

i
seer _-:g tecrnicians, and one-fourth of the replaced "c-cher" tech-

icians sho.Ild ce college-traInet, estimates of replace:rent needs

were cali-lated as srown in Tasle 7e.

T-e new -.7aoanoles re;lace-er.ts

l27,2 C.1), are for oclleze-trained teo:rlciaTs

since pericd covers a year a;-..ar., arraze

reed co7;....tec to cc aso,..-t 2B,2:: tecnTisia7.s.

TABLE 78.--Projections of'"Replacement" Openings for Tecnnician's,
1966-1980:

Occupation
Number

in Field
Attriltinn

Rate

Number

Replaced

Draftsmen, 1966 272,300 4f .20 54,46

Engineering
Technicians, 299,200 .2Q 60,000
1966

Other Tech-
125,100 .20 25,020ni'cians, 1966

All New Entrants,
225,600 .15 33,8001966-1'980

TOTAL

Frojection 2.

a

Number of College-
Trained Replacements

27,200

60,000

6,21p.

33,800

127,200

ge. Source:. Same as Pro- jection

An alternative to the somewnat involved computations of Pro-
1

:ection C is to consider all "Natural Science and Engineering Tech-

nicians", except Life Science TPcl-nicians, as a single category.

A simplified calculation then exists, as follows:
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1. Number of technicians employed in 1 6 816,9,000

2. Number of -.stew jobs,' 1966 -1980 469,900

3. Replacements for 20 percent of line 1 163,400

4. Re'placements for 15 percent of line 2 70,500

5. Total 1966-80 Needs (sum of lines,2,3,4) 703,800

0 6. Average annual need (line 5 divided by 14) 50,200

The result, 50,200 technicians per year, is a total employment

need, including technicians to be Upgraded from various sources as

well as those who have graduated from collfgiate,ppre-employment

preparatory programs. While this estimate is considerably higher

0
than that of Prjjection C, it is somewhat comparable to the supply

which employers state they believe to be desirable in order to

eliminate the necessity for extensive an-the-job training and heavy

reliance on upgrading.

ProjgCtion E

Source: U.S. Department of Labor, Manpower Report of the President:

A Report on Manpower Requirements, Resources, Utilization, and

Training. Transmitted to-Congress, Marh 1970. ..Washington: U.S.

Government Printing Office, 1970- mow
J

The President's Report cites employment requirements for engi-

neering science technicians as growing at-about 35-40 percent in

.the 1968-1980 period (chart 21, 163); it states that "on the

average, about 74,000 new engineercwciald be needed annually during

thS 1968-80 period to make'possible the projected employment growth")

and replace those who die, retire or transfer to other fields of

work" (p.169). Assuming a techpician-to-engineer-ratio of .63,

74,000 engineers implies about 46,500 technicians.

Projection F

Source: Same as Projection E.

With some caution, the President's Report also suggests that

the nation's manpower needs for engineers can be met by 45,000

engineering graduates yearly (as contrasted to the 74,000 total
A

engineers used in Projection E). The implications, assuming the

validity of the .6'3 ratio used previously, is that 28,400 engineering

technology graduates will be acWivate to supply manpower needs.
. ,..

In the cases of both engineers and technicians, the assumption is

that individuals'ofte enter these fields without having completed

the formal schooling. g enerally associated with these 'occupations

and that 'She numbers of such "drop-ins" are sufficiently great to

reduce the manpower requirements for graduates.

1St;

4 I b

`it
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f
ome of the estimates of manpower needs for technicians as

show in Table 75, notably projections "A4 and "D", appear unreal-s

ist4ally high. The "A" projection was based on the assumption that

high priorities would be placed during the coming decade on the

ach.ievement of substantial national technological goals, such as an

accelerated program of-space exploration or a major attack on urban 4,
problems; it , seems unlikely, however, thatsuch priorities will -cle...

velo at a pace sufficient to create the manpower needs suggeste .

1Proj tion "D" is probably also somewhat high, since it assum s

federal spending in aerospace and defense-related activities at a

higher level than now prevails, and does not actunt for tle effect

on scientific and technical manpower demand caused by reduced federal

budgets. The economic and employment conditions of late 1969, 1970,

0 and early 1971 appear to repudiate 'both of these projections.

Conversely, some of the lower projections may have underestimated

new or changed employment needs being created as a result of the

evolution of a general technical environment which is increasingly

sophisticated and complex; it is believed that this is probably

true of projection "C', in Table 75.

It is believed, therefore, that during the 1970's the manpower

needs for college-trained technicians will exceed 25,000 graduates

04111
per year, but will n reach 50,000 per year. ,An estimate of 33,000 *

graduates O'br year, ws h at least an assopiate degree, has been

adopted for this model; in supptrt of this estimate, the - following

observations are made:

1. just before the start of tie decade, approAimatel4 20,000
individuals were graduated annually from associate degree engi-
neering technology programs. Employers were reporting "shortfalls"
in hiring goals which averaged 2ipercent. Hence, it is perhaps
reasonable to estimate that the Weed then was for approximately
24,000 graduates. Nee4s,.in terms of new jobs, are expected to
increase during the 19 G's by about 40 percent; hence annual needs
may be expected to grow from 24,000,to about 33,600.

.

2. The total technical manpower pool--including high - school g/kd-
uates and .drpp-outs, college graduates and drop-outs, individuall
completing educational programs leading to awards less than assoc-
late degrees, apprentices, veterans whose military experience in-
cluded technical trainipg, and other incidental sources--was
approximately 70,000 techticians per year in 1970. This total
figure will probably not grow appreciably by 19.80. However, less
than 30 percent of t)-1. technicians entering emplpyment in 1970 were
''colege-trained," thr largest fraction being industry-trained in
on-the lob programs. It has been suggested that if the proportion
whb harcomNeted collegiate pre-employment curricula could be
increased to 50 percent, then thelexisting manpower pool would be
adequate to eet the nations needs. The imiilicationds that an
avtrage of 37E,000 college- trained techni,cians will bil' needed
annually.

,

3. Projections exist that an average of 43,000 engineering college
graduate will be produced during the 1970'8, with about 80,000

e students enrolling annually, a retention rate of 54.percent.
AP

1 g
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Historically,.first-time technical enrollmeNtd has been .7 as large

as engineering enrollments, and might thus be expected to be around

56,000; if the same retention rate (54 percent) were achieved, one
could predict that about 30,000 technology graduates per year could

be produced.

Short-range enrollment ends are sharply up in' certain tech-

ogy specialties. If th e trends continue, and attrition rates

az3e slightly reduced, it i feasible that the trends in these special-

ties will offset continuing steady declines in others, so that net

enrollments near 120,000 can be m4intained. It is feasible, there-

fore--again following histor-icil trends--that about 25-30 percent of

the total enrollment will graduate each year, that is, about 30,000

'to 36,0t0 graduates seem potentially available.

5.: The best match between the nation's projected needs for graduate
technicians and the number of individuals feasibly available to meet

those needs apparkntly occurs in the rlange,30,000 - 36,000. Hen-e,

a projection of 33,000 is taken as a warking estimate.
7

There are few projections of the manpower needs for technicians

with bachelor's degrees, i.e., technologists. One study Led to an

estimate that a minimum of 20 percent of all technicians should
1

possess bachelor's or higher degrees.- It is believed,however

that this projection is low. Trends, now that a small but growing
_

supply of baccalaureate graduates have appeared, suggest that in-

creasing numbers of employment opportulities will exist for such

individuals and that as many as 10,00C to 12,000 positions per year- -

approximately one-third of the projected "college-trained technician"

group--will be available during the 1970's. The model has assumed

an average need for approximately 11,006 baccalaureate graduat

year.

Sources o f Students ,

The 'individuals who will enter the labor market as technicians

during the 197C's or prepare to do so have already beenbcn; they
.

are, in fact, already in the educational stream, at least in .the

upper elementary grades, and some are already in college. Although

°there are some possibilities' for small shifts in students' interest

pttgrns in the future, it is likely that the number of students

available in the next decade for education as techh.cians is a

relatively fixed quantity, subject to only.minor short,-erm variation; :

/

1 Eckhart A. Jacobsen,A Survey of Techhical Needs for Industry
Implications for Curriculum Development in Higher Ed4coltion,

Cooperative Research Project with U.S. Office of.Tducation, 1966V
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It is possible to estimate the pool from which stIldents for,

engineering technology will be drawn. The U.S. Office of Education,

for example, has projectedfuture "freshmen". or "first-time degree

credit" college' enrollment as follows:1

4
Year Freshman Enrollment

1970 1,661,000

1973 1,889,G00

1977 2,127,000

Preliminary counts for 1970 suggest that actual enrollments may

exceed the projections slightly, so that it is reasonable to assume

that freshman enrollments during the period 1970-80 will average

about 2,000,000 students. The nItpter of males is expected to exceed

Slightly the number of females, so that an average of about 41,100,000

men per year will enter college. In the past, about 15 percent of

college men have cncsen technologica:; fields (physical science, math-

ematics, engineering, technology, etc:)2 If'this ratio remains sen-

sibly constant during the next decade, then approximately 165,000

7.,ea will aciasti_t...Ie the annual pool from which engineering technology

students can be drawn. If wst trends continue, the largett fraction

of tr.ese 165,050 will select mathematics, physical science'or'engi-

neering as disciplines, with ia smaller proportion, perhaps 3,040 per-

cent, choosing engineering technology or related fields. The number

of entering students per year could vary from 49,500 (30 .percent) to

66,000 (.0 percent). Some indications exist that the latter figure

-is tne more 4ealistic. Pecent follow-up e.tudies3 of high school
-..-

gradates suggest that 2 percent of these graduates enter -tecnnician

'education programs. Since the average number of high school graduates

per year during the decade 1970-198C is expected to be about 3,330,000,4

some 66,000 students can be projected to enroll in engineering tech-
,

nolOgy programs if the 2 percent trend continues.

4

1U.S. Office o cation! Natio.nal Center for Educational

Statistics, Projeations of Educational Statistics tc 1977-78 (-Washington:

U.S. Government Printing Office, 1969), Table 5, p.13.

2Ibid, Table 19, p.-32.

3John C. Flanagan and others, Project TALEV" One-Year APollcw-

ulY Studies (Pittsburg: Project TALENT Office, University of

Pittsburg, 1966). .

U.S. Office of Education, oe.dit.0 Table 17, p.20..
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Aittrition, Completions, Advanced Study

Historically, the over-all attrition rates in technology programs

have been excessively large. It is not unusual for 60percent of'an

eptering class't9 drop-out, change majors, or in some other way fail

to graduate. Despite these historical dati, however, an optimistic

outlook had been taken, and. attrition rates of only 50 perCent have

been assumed for this modal.1 In most cases, the majority of.attrition

appears to occur in the first year; two out of three who eventually

leave the field have don, so before the beginning of their sophomore

year. In light of these trends, it appears reasonable #to assume an

~academic progression in which sophomore enrollments are approximately

65 percent of freshmen enrollments and associate degree graduates are

50 percent 6f freshmen enrollments.

There have always been some graduates of associate degree engi-'

neering technology programs who'have continued in college to study
,

for baccalaureate degrees: some have pursued engineering programs;

some, business administration; some, education; and the,remainder

have studitd in miscellaneous other areas. Often these students

"lost" credits. The emergence of baCcalaureate programs in engineering

technology, however,'Els providedIfor manydassooiate degree graduates

opportunities for further study without such loss of credit
/, i

appears to be pne factor, along with mounting social pressd,es,which

has recently greatly increase the number of associate degree graduates

who continue their sehoyling. A recent survey revealed that 32 percent

of students 4e-associate degree programs plann to seek a baccalaureate

degree.2 At some institutions, the proportion o seek the higher.deil,ee

has been reported to be as high,as 80 percent. Reasonable estimates

for the future appear to be that about 40 percAp4-49f associte degree

graduates will seek bachelor's degrees and that 85 percent of These

(approximately one-thitd of the associate degree graduates) will attain

their goals. These estimates have been adopted for the purposes'of thf"

model.

lAn.attrition rate of 50 percent actually represents a sub-
stantially higher retention rate thaiithat which most institutions
report; man Observers feel that it is almost essential, from the
standpoints meeting manpower needs and providing adequate educa-
tional opportun ty, that institutions immediately develop positive

.

. programs to assure that retention rates are increased to or beyopd
the 50 percent level.

2American Society for Engineering'Education, Student Tech-
nioiane: A Study of Some Characteristic:6 of Students Enrolled.in

AssociaCe Degree Engineering Tsobnol.ogy Programs, Study Report No. 7,

Engineering Technology Education Study (waihiniton: ASH, 1970).
See also Chapter 7, herein.,

1 R
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URE 21.--A Statistical Model for Engineering Technology Education

in the United States.

66,000 Students

Entering Engineering
Technology Programs

i50% retention rate S.

At,

3,0,000 Graduates

from Associate
Degree Programs

r-

19,80G. Graduates

Enter Job Market

1,980 Students

Enter Job Market

40% continue studies

13,20D Students '
Seek Baccalaureate.
Degrees

21,780Lechnicians Employed
with Alsdciate Degrees

4

85% retention

rate

11,220 Grad
from Bacc.

Programs

11,220 Employed

with Bachelor
Degrees

The Macrqscopic -Model

The statiical model for engineering technology 4education in

the United States as a whole, that is, the. macroEt::opic 'model, is

based on the following assumptions, the rationales for which have

been given aboye:

1. 66,000 students will enter enginserint technology
programs each year.

2. 50 perdent (33,000) of these will graduate with
associate degrees. A

3.v40 petcent (13,200) of the associate degree grAduates
will continue studies toward a bacc.alaureate,degree,
and 60 percent (19,800) will enter tile labtortfoirce as

technicians.
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A
Technology Programs, According to a Statistical Model

4. 85 percent (11,220) of those who seek bac alaureate
degrees will attain them; the remainder (1,980) will
join the labor force as technicians.

5. The labor force, when the cycle'is fully stablished,
will be augmented annually-by 11,220 bacca aureate
graduatesand 21,780 (194,800 pj1us 1,980) 4 sociate

degree-graduates; this supply will balance the projected
annual need for '33,000 "college trained" to hnicians
and will provide individuals with bachelor' degrees
in a proportion deemed ddtirable.

The model is illustrated in Figure 21. \

This model has implications for the enrollment of engl eering

technology students'in institutions'of higher education, as ollows:

1. 66,000 students will enroll 4s freshmen, although about

one-third of these will not be retained past the, first

year.

2. About 44,000 students will enroll as sophomores.

3.. Approximately 110,000 students will be enrolled in

a,ssoc,iate degree programs'(or the lower division of

baccalaureate programs), in engineering technology.

4. 13,200 students will transfer (or continue) to the
junior year, although about 10 percent of these will
not be retained pait this year.

5. About 12,000 students will enroll as seniors.''-

6. Approximately 25,000 students will be enrolled in the
upper diyision of baccalaureate engineering technology
programs.

7. The total enrollment in all engineering technology

programs will be approximately 135,000 students.

FitAlre 22 illustrates graphically the enrollment distribution just

discycsed. 4

FIGURE 22.--Proiectqd Enrollmentg of Students in Engineering 4.

12,000 Seniors

13,200-)JUniors

44,000 Sophomores

66,000 Freshmen

135,000 = Total,EnrolTment

.4

p
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Constructing a Detailed Model
I

It is possible to identify a number of philosophical bases on

which A detailed, or state-by-state, model of engineering technology

education can be constructed. Among lthese are the following: Cl) the

provision'of equally accessible educational opportunity, (2) adequatelyti
meeting'the technical manpower needs of the employers in a local

community, and (3) fully utilizing existing resources, wherever located,

inorder to minimize outlays for higher education. These are all attrac-'

tive, viable concepts; they each would lead, however, to slightly dif-

fering models. The factors apW the judgments made on their relative

priorities are discussed in the paragraphs following: .2

Equally Accessible Educational Opportunity_

The equality of oppo/4-tunity for students to attend institutions

of higher education and receive instruction in the disciplines of thei

, choice has long been an American goal. This goal has never been fully

realized nd probably will not be. It is not pragmatic that in every

state ttfe institutions of higher education--individually or. collectively- -

offer\4-very known discipline; however, kroups\Nof states, through inter-

state or regional compacts, have approached the ideal. 04 the other

hand, for the ordinarydisciplines--and engineering technology is an

important one--enrollment opportunities should exist in every state;

furthermore, such opportunities should be commensurate with each state's

popuiation. The implication for riodeling, then, is that the number of

engineering, technology student's aAd graduates in a given state should

have the same relationship to the national totals of such students

and graduates as the population of the state has to thel/nationel

population. It is believed that this principle is of paramount iwgbr-

tance, and has been used for the model which has been constructed.

, Meeting Local flanpi;wer Needs

Areas which are heavily industrialized or which ihave concentra-

tions of scientific and engineering activities generally have per

capita needs for technical manpower which are greater than those, in

areas which are agricultural or which concentra'e on office or service

occupations. Supplies of techni.cal manpower are nedessary both to

maintain the industrial/technological establishment where it exists

. and to insure its growth and ecpapsion. The implication for modeling

here is that states with a substantial industrial/technological eStab-
,

lishment should provide for relatively more enrollments in engineering

technology programs than do states with lesser concentrations of

ikdustrial/technologfcalactivity; apportionment of enrollments in
a

1 3 0



the model could perhaps be made on the basis of the several states'

shares of the GNP, the value of. manufactured goods, the number of

scientists and engineers employed, or other similar indices. Such

a basis, however, has been rejected'.
. .

Two major fs'ctors were considered in the rejection of "local

manpower needs" as the primary basis for modeling a system of engi-

neering technology education. First, contemporary society is highly '

mobile. Individuals do not necessarily seek employment in the. com-
:

munity in which they were educated. Nor does an employer need to

rely on local sourees.of manpower: he dan rdCruit from the nation.

Hende, contiguity of educational and --enployment opportunities appears

not to be of primary importance. And secondly, a less disproportionate-

distribution of industrial/tehnological activities in the United

States seems desirable; -since a factor which will tend to influence

. site-selections by new or expanding industrie's is the availability

of technical manpower, the existence of engineering technology pro-

. grams in, all states, implying manpower availability in all states,

seems likely to favor an ultim,ately more uniform distributiO!

industries.

Utilizing Existing Resourcefr-,

Because the costs of higher education have escalated greatly in

recent years, and because education is competing for public support

with welfare, highways, law enforcement and other social programs of

major importance, it has become highly important that states care-
.,

( fully assess the returns from public monies spent and', insofar as

possible, optimize,ost-benefit ratios. The nature of engineeri4

4 technology education is inherently such that both its ca tal and its

operating costs are relatively high when compared to mds other kinds

-,of education; states must be especially careful in assigning prior-

ities in this area. The implications
os

for modeling are that, to .

minimize cbs ,. any needed incwases in enrollments should be dis-,

tributed almf t entirely to existing facilities and programs, with

----few fnew programs provided. This concept, too, is rejected- -not

because it lacks v lidity but,- rather, because it seems to discount

the socially and cilturally more important philo ophy of service to
._

students, that is, provision of reasonably Aces ible edUcgtional

programs to all young people, regardless of thei ethnic and socio-

economic backgrounds or the region of the country in which they

happen
.c7

to reside. The existence of engineering technology education

opportunities irkall states; tl}en, gbems a highly desirable goal,

one

0
to be sought ,11 spite of cost considerations alone..
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The Detailed Model

Table 79 gives a detailed statistical model for engineering

technology education. In the table,. projections of enrollments

and graduates are given, apportilned among the states according to

their population as determined in the 1970,census. Footnotes to the

table gi'e information about)
the projection techniques. The column

totals for the detailed model are quite comparable to the gross

estimates of the macroscopic model given earlier.

Assessment of the Model

A statistical model of the type given here is subject to a

variety of weaknesses, but may also have some general virtues. The

shortcomings and possible strengths are discussed in the following:

r

.Waktesses

Population Base.- -The individuals who will enter college during

the period 1970-,80 and who consititue the population pool from which

engineering'technology students will be drawn are predominantly young

people not; in the 8-18 age bracket. Individuals in thisige bracket

are not necessarily uniformly distributed demographiCaliy; hence,

apportionment of " quotas" pf engineering technology students according 1

to total'population rather than to the 8-18 year old population group

produces some biases. While the model is not extremely sensitive to

this factor, it does tend to nderest*ate quotas in the mere pop-

ulousulous states and to verestim to them in less populous ones.

Choi9e by'Stud a.- ome research has indicated that students

Whose domes are in miral and small town environments choose tech-

nology curricula in college rejlatively more often than do students

from urban environments.1 In this model*, no account=as been taken

of such a joirocliviiy. ,The bias tends to underestimate the quotas for

states in which an appreciable fraction of tie population resides in

rAlit areas or small towns.

Retentio Rates.--In the model, it has .been assumed that the

' ovtrall retention rate for students enrolling in engineering tech-

nology'programs would be 50 percent; this is, a fairly optimistic

.assumption, since retention rates hisfbrically have averaged only

40 percent. Unless the retention rate can be raised to a 50 percent

,level, only about 26,400 graduates, rather than 33,000,would be

*oduced.annually, a serious shortfall in meeting manpower needs.

,- -?or 33,000 graduates to be produced .at a 40'percent
..

netention'rate,

/apprcotimaely 82,000 freshmen woul be needed annually, a level un=

likely to 'be reached.

i

1See, for, example, Chapter 7.1 or,
1 04.;



TABLE 79.-- Projections of Annual Enrollments in and Graduates from'Engineering Technology Education
Programs: A Statistical Model.

//

Political Unit

United States

From Macroscopic Model
Total of Detail

Alabama

Alaska
Arilkona

Arkansas

California
Colorado

Connecti rdt

Delaware

District' of Columbia
Florida

Georgia

Hawaii

Idaho

Illinois

Indiana

Iowa

Kansas

Kentucky

Louisiana

Maine

Maryland

Massachusetts /
Michigan

Minnesota

Mississippi

Missouri

Montana 1 2 .

Nebraska
Nevada

New Hampshire

New Jersey

New Mexico

C

E

S-

W

te)

0
E
0

a
0

.(1 ) ' (2) (3)

-

200,295,000
66,000

66,000
44,000

43,185

3,373000 1,480 710

295,000 100 65

1,752,000 580 380

1,886,000 620 410

19,715;000 6,520 4,240
2,178,000 720 470

2,991,000 990 650
543,000 180 120

746,000 250 170

641,671
'

000

4,492,000
2,210

1,480

1,440

980

749,000 250 170

698,000 230 .150
10,978,000 3,630 2,460
5,143,000 1,690 1,090
2,789,000 920 600
2,179,000 k 720 470

v 3,161,000 1,040 680

3,564,000 1,170 760

977,000 320 210*

3,875,000 1,270 830

5,630,000 1,850 1,200

8,778,000 2,900 1,880
3,768,000 1,240 810

2,159,000 710 480
4,627,040 1,520 990

682,040 220 150

1,468,000 480 320
482,000 160 110

723,000 240 170
7,093,000 2,330 1,510
998,000 330 220

110,000
109,185

.1,790
165

960

1,030

10,760

1,190

1,640

300

420

3,650

21460

420

380

6,090

2,780

1,520

1,190

1,720

1,930

530

2,100

3,050

4,780

2,050

1,190

2,510

370

800

270

410

3,840

550

s_

N y
s_ in OLC
o s_ OLO

o =...-
C .1-. N
7 C
''D W fll >

VS 4-, .1--
0 en

0
4.)

r-
II E

0
0

,(5) (6) (7) (8) (9) (10)

33,000

33,000

13,200

13,200

12,000

11,855
.

25,000

21;055
-

11,220

11,220

135,1000

134,240

540 220 190 410 .187 2,200
50 20 20 , 46 17 205

290 120 105 225 102 1,185
310 20 105 , 225 02 1,255

3,260 1,300 1,150 2,450 1,105 13,210
360 140 125 265 119 1,455
495 200 180 384 170 2,020
90 40 35 75 34 375
125 50 , 45 95 ' 42 515

1,105 440 405 845 374 4,495
740 300 270 570 255 3,030
125 50 45 95 42 515

115. 50 45 95 42 475
1,815 720 630 1,350 612 7,440

845 340 305 645 289 3,425
460 180 . 170 350 153 1,870
360 140 125 265 119 1,455
520 210 'il90 400 179 2,120
585 230 210 440 196 2,370
160 60 55 145 51 645
635 250 225 475 212 2,575
925 370

e

/ 340 710 315 3,760
1,450 580 520 1,100 494 5,880

620 250 225 475 212 2,525
355 140 125 265 119 1,455
760 300 270 570 255 3,080
110 40 35 75 34 445
240 100 90 190 85 990
80 30 25 55 25 325

120 50 45 95 42 505,

1,165 470 420 890 400 4,730
4 165 70 65 135 60 685

rv



Po.litical Unit

New York

North Carolina

North Dakota

Oh' o

Okl ahoma

Oregon

Pennsylvani a

Rhode Island

South Carol ina

South Dakota
Tennessee

Texas

Utah

Vermont

Virginia

Wpshing ton

West Virginia
Wisconsin

Wyoming

0

to of

- v
th Fri

1:0

0

H
, W

c i.

W . 0
E E= 0
H

-W m
L

45

(I) (.2)

18, -019,000 5,940

4,968,000 1,640

612,000 200

10,542,000 3,490

2,49 8,000 , 820
'2,056,000 68

11,670,000 3,85D

922,000 300

2,523,000 830

657,000 220

3,839-,000 1 ,2260
1'0 ,99 8,000 3;630

1 ,Q52,000 350

438,000.- 140

4,54 3,000 1 ,490

3,353,000 1,100
1 ,70 2,000 560

4,367,000 1,440
t 329,000 110

L
W r
0. 0 S- o

0 Cli0 vi CI ,-
LL m a ,- 13.! ,'

Os

O
CD S->,- ,--

,-4
.c

C c frs ..- U W
m W / 4.1 Cs to Cs-, v) 0 cL) 1

1--

c
.13 (1.1

E
0

0
5-

C

.24

(3) (4) ( 5 ) (6) (7) (8) (9) (10)

3,850 9,790 2,970 1,190 1,070 2,260 1,012 12,050
1,070 2,710 820 330 300 630 281 3,340

1 30 330 100 40 35 75 34 -405'
2,2.70 5,760 1,745 700 630 1,330 595 7,090

540 1,360 410 160 150 310 136 1,670
450 1 ,130 340 140 125 265 119 1 ,395

2,500 6,350 - 1 ,925 770 690 1 ,460 655 7,810
?00 50c( 150 60 55 )15 51 615

"540 1,370 415 170 150 320 - 145 1 ,690
150 370 110 40 35 - 75 34 445
824 2,080 630 2'50 225 475 212 2,555

2,360 5,990 1 ,015 730 660 1 ,390 620 7,380
230 580 . 175 70 65 135 60 715
100 240 70 30 25 55 25 295
980 2,470 745 300 270 570 255 3,040
720 1 ,826 550 220 200 420r 187 2,240

LO

360 920 280 110 100 210 93 1,130
940 2,380 720 290 260 550 246 2,930
80 190 55 20 20 40 17 230

(1)Popul at.i on figures from -PC(P1 )-1, .19 70 Census of Population, U.S.. Depi.rtment of Commerce, Bureau' of the Census

.(2)N2uNI x(66 ,000/200 ,295,000) , assuming a needed fi rst-enrol lment4i nplat ofi 66,000; results rounded to nearest 10.

(3)N3E.65xN2, rounded to nearest 5; assumed 35 percent attrition rate during freshman year.

(4)N4=N2+N3.

(5)N5u.5xN2; assumed, overall retention rate. of 50 ,Percent.

(6)Ne.4xN5; assumed 40 percerit will continue *toward bacca1aurea/e degree.

(7)N7...9xN6;,rounded to nearest 5; assumed JO percent attrition rate during junior year.

(8)N
-8

'EN

6
04

7',"

lN -9 ...85xN
6'

assumed overall retention rate of 85 percent in upper division programs.
(10.)N1eNeN8.

19'., VP*
19c
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Furthermore, it has been assumed that approximately two- thirds

of those who enter as freshmen would enroll as sophomores. The

experience, of some institutions has been that attrition during the

freshman year is greater than assumed here. A greater' freshman

Attrition would imply a smaller,- sophomore class and smaller total

enrollment. Fortunately, estimates here do hot affecliother data

provided the overall retention rate is maintained at 50 percent.

'latching Graduates to Jobs.--A fundamental assumption in the

model has been that a national manpower need for 33,000 college-ti"ained

engineering technicians could be met by providing 33,000 graduates of

engineering technology curricula. Such an assumption may be unreal-

istic; experience indicates that a certain prtportion of college

graduate', never, enter the field for which they prepared. A tecent

survey of engineering technology students' suggested that 14 percent

Would not seek employment directly related to the,ir education. A1-

though some who responded in such manner were expecting to enter the

service and hence were undecided about their future care , at least

10 percent had definiteplans to abandon engineering teen logy, even

though they were successfully completing their programs. If such

,circumstances are prellalent, then more than 36,000 graduates (72,000),

freshmen) will be required annually for 33,000 eventually to reach
, .0

the job market. The model does not account for graduates leaving

the field, and hence may underestimate national enrollMent needs.

Estimation of Manpower Neede.--The projection of manpower needs

for '33,000 college-trained technicians, used in constructing the model,

is subject to the inadequacies of all such projections. It is believed

the projection is slightly 1ponservative and underestimates somewhat

the increased opportunities for technicians in the future job market.

On the other hand, the economic climate at the beginning of this decade

is not encouraging, so that eprojection of 33,000 technician and tech-
,

nologist jobs - Relieved conservative--could be an optimistic over-

estimate instead.

Estimates of Student Sources.--The model has assigned "Quotas"

of entering 4re'shmen engineering tectnciflogy students to each state.

A basic assumption is that such quotas-can be fille0; this may well

not be the Cage, Many young people, for example, who are quite com-

petent and 'fully capable of completing a technology program appear to

be..seeking educational programs and careers in social fields rather

than in science and technology because the latter currently have

4
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a "bad image." In addition, many others with interest in technical

field.; have not properly prepared thetselves in high school and Se

deterred from entry into associate degree programs. To the extent

that the potential supply of students may not match the projected

entering enrollment, the model is weak. No estimates of discrepancies

are available.

Strengths

...-

Guidelines for Evaluation. - -A special virtue of the model, con-

structed as it is, is that it provides educators in each state with

rough statistical guidelines, by which they can evaluate their state's

'efforts in the engineering technology ddmain.

Conservatism of ModelsThe model is essentially conservative,

in that it suggests in only a few cases that statewide efforts be

drasti,cally increased. It set, educational goals which can reasonably
-

be reached. Furthermore, there seems small likelihood that this model

will produce an oversupply of technicians. Most'of the assumptions

made (e.g., attrition rates, graduates leaving the field, etc.) were

weighted toward enhancing the manpower supply; if these assumptions

are invalid, a lesser supply of college-trained technicians will be

available, resulting in a manpower deficit rather than a surplus of

highly edu/ated but unemployed technical workers.

Matching Social Aspirations.- -The model, in using both associate

and baccalaureate degree graduates' to satisfy projected manpower'needs

for "college-trained" technicians, has completely abandoned the cpn-

cept of "terminal" education; it assumes the existence of avenues

to, engineering technology students for.upward mobility, both to fu4

fill personal aspirations and to respond to parental, peer group and

other societal pressures. Such avenues are believed essential in

the educational system.

Assessment of Contemporary Progress

An initial, tentative assessment of contemporary progress in

engineering technology education may be made by comparing available

data on enrollments and graduates with the cdrresponding projections

in the model. tables 80 and 81 are illustrations of how such an

assessment can 4 made. These tablqs contain relevant statistics,

state -by- state, along with a symbol to indicate roughly how each

state "conforms" to the model.

Extreme caution must be observed in interpreting Tables 80 and

81 or drawing inferences from them; these tables are illustrations

only. Unfortunately, authoritative_ and reliable data are'not.

1 (I(



TABLE 80.--Comparison of Modeled and Actual Values of 1,-ower Oivis'ion.Enrollments ana Associate Degree Graauates
in Engineering Technology Rfogams;

NO

Political Unit
Enrollments Graduates

Projecteda Actualb Conformityc

,

Projecteda' Actualb Conformityc

-TOTAL U.S, 1' 109,185 96,526 ,33,000 24,311

Alabama 1,790 243 540 63
Alaska 165 121 50 9
Arizona 960 2,078 1 290 344
Arkansas 1,030 201 310 55
California 10,760 10;336 3,260 2,582
Colorado 1,190 924 360 272
Connecticut 1,640 2,346 c 495 641
Delaware 300' 133 90 28 V
District of Columbia 420 385 125 106
Florida 3,650 4,068 1,105 ' 798
Georgia 2,460 979 740 276 Lc

Hawaii 420 104 125 28
Idaho 380 213 115 59
Illinois 6,090 3,172 1,815 917
Indiana 2,780 4,088 + 845 1,111
Iowa 1,520 1,453 460 414
Kansas 1,190- 579 360 137
Kentvcky 1,720 251 520 36
Louitiahe 1,930 295 585 81
Maine 530 354 160 117
Maryland 2,100 975 635 230
Massachusetts 3,050 5,230 + .925 1,745
Michigan 4,780 3,920 1,450 944
Minnesota 2,050 430 620 96
Mississippi 1,190 480 355 128
Missouri 2,510 1,595 760 391'
Montana 370 126 110 ' 34
Nebraska 800 1,380 + 240 677
Nevada 270 81 80 20
New Hampshire 410 624 + 120 178 +

New Jersey 3,840 839 1,165 206
New Mexico@ 550 450 165 171

4.)



Political Unit

Enrollments Graduates

Projecteda Actualb Conformityc' Projecteda Actualb Conformityc

New York 9,790 13,886 2,970 3,195

North Carolina 2,710 2,551 820 664

North Dakota 330 788 100 203

Ohio 507.60 5,964 1,745 1,464

Oklahoma 1,360 1,957 410 323

Oregon 1,130 3,098 340 515

Pennsylvania 5,350 4,980 1,925 1,421

Rhode Island 500 240 150 65

South, Carolina 1,370 1,344 415 356

South Dakota 370 258 110 37

Tennessee 2,080 635 630 116

Texas 5,990 2,804- 1,815 678

Utah 580 956 175 234

Vermont 240 3g9 70 126

Virginia 2,470 ; 1,550 745 356

Washington 1,82W 2,332 550 420

'West Virginia 920 614 280 153

Wisconsin

Wyoming

2,380

190
v

3,552

211

720

55

958
54

+ r

'AL

a
Data froi Table 79.

°Data estimated in many cases; see Appendix G.

cApparent surpluses (+) or deficits (-)
of actual values when compared to model;
no entry indicates reasonable conformity
to model. .

0
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TABIll "81 .--Compa ri son of Model ed Actrl Values of Upper Division Enrollments_ and Baccalaureate Degree
Graduates in Engineering_ Technology Programs.

PO'ffiti cal Unit

Enrollments Graduate's

Projectedi :Actual b. Con formi ty; Projecteda Actual b Con formik! a,

"r

- ---
.

r, .

,

orotal.u4: . 25,055 20,132 11,220 5;084
t

Al abama

Al aska

Arizona
Arkansas

Cal iforni a

Colorado

Connecti cut

Del Oa re

D.C.

FloFida

Georgi a

-RitTa

Idaho

Illinois

I n44 an a

I OWAr'1

Kansas

Kentucky

Louisiana.

Mai ne

Maryland

Massachusetts

Michi gan

Minnesota
Mississippi

Miss ouri

Montana
Nebraska

Nevada

New Hampshire
New Jersey

New Mexfco

New York

North Carolina
No-rth. Dakota

2 CEJ

4TO

40

225

225

2 ,450

265

3qo

75

95

845

570

95

95

1 ,350

645

350

265

400

440

115

475

710

1 ,100

'475

.265

570

75

. 190

55

95

890

135

2,260

630

75

280 187 . .58 -

0 17 0 -

743 + 102 186 +

8 102 2 -

1 ,276 1,105- 344
326 + 119 . 79

o r, 170 0
f

( 0 . 34 0 -

0 42' 0

81 374 13 : H
1

493 255 . 55 CO

42 , 16
m

64

0 42 0 -

2,192 + 612 470 -

525 - , li 289 . 418- +

0 - -- 153 /
' 0 -

818 + 119 c 170 +

236 179 .
. 27

950 196
, ',.

', 21
+

0 .51
, .,

0 ....

366
. 212 156

478 315 70
1,322 + 494 249
4 198 212 84

42 119. 22
322 4

255 . 83
60 + -

N
34 40

80 85 30

0
(

25 0

0
-

.42 0
20 20,1400 5

_

114 60 28
1 ,240 1,012 3142

128 281 19-
0 34 0
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Political Unit

Ohio

Oklahoma

Oregon
Pennsylvania

Rhode Wand
South Carolina
South Dakota
Tennessee

_Texas

Utah

Vermont

Virginia

Washington

West Virginia

Wisconsin

Wyoming

Enrollments Graduates

Projec.teda 4tual!) Conformityc' Projecteda Actualb Conformityc

1,330 1,153

310 n2
265 588 +

1,460 543

- 115 70

320 68

TB 0

475 942 +

1,390 1,270

135 897 +

55 8 -

570 252

420 189

210 165

550 1,333 +

40 0

aData from Table 79

bData estimated in many cases; see Appendix G.

cApparent surpluses (+) and deficits (-)

of actual values when compared to model;

j no entry indicates reasonable conformity

to model.

ti

201

595

136

119

655.

51

145

34

212

220

60

.25;

255

187

93

.246

17

436

37

136

162

24

16

0

242

190

202

k 2

63

44

42'

201

0

291'
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able-for either engineering technology enrollments or engineering

technology graduates; hence, many of the "actual" values listed in

these,tables are estimates based or
/

past trends rather thallOeing

reported data. -For this reason, then, the tables may badly mis-

represent the relative effort, in some states.

AP
Since the available data .related to enrollments in and graduates

from engineering technology curricula'are often incomplete;'a method

has been devised to estimate these statistics for use here. The

method based on two /Premises:

1. From ohe year to the next, enrollments at a particular
institution dO not change' greatly; that is, a missing entry
for enrolliftent in 1970 is probably very nearly the same as
'a reported enrollment for 1969,.

2. The ratio of total enrollment to graduates is sensibly a

constant with a numerical value of 3.64.

The first premise was established by,examination of all data which

were complete for consecutive years.' While some variations were

noted, i.e:, enrollments did not remain exactly constant, these

variations were almost insignificant when total enrollments by

state were considered. The second premise was established by

computing this ratio'for all institutions which has complete data

orr enrollments and-graduates for two consecutive years.

Data problems of the type illustrated in Table 82 are commonly

encountered. A college may.report enrollment but not graduates

(College A in the illustration), traduates but not enrollment (College

B in the example), or neither enrollments nor graduates (College C).

In the first two cases, the 3.64 ratio can be appropriately applied

to estimate the missing entry. In the third case, no estimate can

be made unless historical data,of some type are Aailable. For

example, if.College C had reported an enrollment of 180 for the pre-

vious year (or any previous year)rthat figure would be assumed for

the current year; then graduates would be,omputed as before.

The results of such estimations are shown in Table 83.
r .

TABLE 82:--Illustrative'Example of

Data Problems,

.

Total Number ofInstitution
Enrollment Graduates

College A 425

College B

College C.

60

TABLE 83.-Illustrative Examples

of Estimates Used in
Solving Data Problftms.

Total Number ofInstitOtion
Enrollment Graduates

College A 425 116

College B 218 '60

Coll.ge C 49
ire

2 °"
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. ,

No claims of reliability or validity Are made for the technique,

and no estimates are available for the probable error in the results..

The estimates generated, however, are believed valuable in presenting

d general overview of the national enterprise in engineering technology

education.

7

Comments on Tables 80 and 81

An examination of Table 80.reveals that only 20 states have

enrollments in associate degree (or lower division) engineering

technology programs that equal or exceed the enrollment called'for

iy the model; aneven smaller number of states (15) produce a number

of graduates which equals or exceeds the number Trajected. In the

United States as a whole, enrollments would have to be increased by

approximately 10 percent to achieve the level deemed desirable. It

mei also be important that at least five states are providing for

less than one-fifth their "quotas" of enrollment; where this is true,

a serious lack of educational opportunity exists. It is also inter-

estoing to observe that the more populous states -- notably California,

New York and Pennsylvaniaconfo4m closely with the model.

The data in Table 81 are even less encouraging. Only 12 states

have enrollments in baccalaureate engineering technology programs

(-upper division) that equal or exceed the model projections, and

only 3 produce graduates in the numbers projer:t.ed. Relative to pro-

jected need, the educational opportunities existing for baccalaureate 4

study are proportionately far fewer than for associate Agree or

lower division study. The national TrodliCtion of graduates is less

than half that projected in the model.

Summary and Conclusions

A statisticalmd'del for engineering technology educajtion suggests

that, in otder to meet projected national manpower needs for approxi-

mately 33,0S0 college'-trained technicians per year, b t 66,000 fresh-

men annually must enter engineering technology curt ula. The model

allows for half of those who enter to graduate. If 31,040 engineering

technicians were graduated annually, the technical manpower gap which

has existed for decades would be closed. The model also provides

for 13,200'of the 33,000 annual recepients of associate degrees in

engineering technology to seek baccalaureate degrees in that field, ,

and predicts that 11,220 will attain the higher degree. The total

number of "college- trained" technicians (with associate or higher

degrees') matches in the model the number of job opportunities expected

tobe available.

20'
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Th model carries with it' implications for student enrollments

in engi1neering technology education programs at various bevels; it

also `plies an apportionment of these students on' a state-by-state

basis.! Comparison of the prOjections of the detailed model with

actua / data shows roughly hc:14 each state is meeting the challenge of
I

provi ing equally accessible educational opportunity in this curricular
4

area./
/

/The projections of ti-T Model are, in the case of most states,

mod

11

rately or 'substantially greater than the actual enrollments or

gra
/

1.1.tes in those states. The discrepancies are not uncorrectably
, .

la ge; progress can and slouldrbe made toward achieving a more real -

i% is match between educational efforts and manpower needs.

4

(
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APPENDIX A

INSTITUTIONS TENTATIVELY IDENTIFIED AS

OFFERING ENGINEERING TECHNOLOGY

4 CURRICULA

Institutions Offering Cilrricula,,Which -Lead to tlif Award of Associate

Degrees

ALABAMA

Gadsden State Junior College

Jefftfrson State Junior College

John C. Calhoun State Junior College

Snead State Junior College

University of Alabama, Huntsville

ALASKA

Anchorage Community College

ARIZONA

Arizona Western College

Coche College

DeVrInstitute of Technoogy

Ea4er4 Arizona College

dale Community College

Maricopa Technical College

Mesa College

Phoenix College

Ad(WAs

...Louthern State College

Southwest Technical Institute

CALIFORNIA

Allan Hancock College

American River College

Antelope Valley College

Barstow Junior College

Butte College

Cab*illo College,

Ce4itos College

Ch4rot College

Chalffey College

1 -203-
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CALIFORNIA (Continued)

City College oyan Francisco

2 Cogswell Polytechnical College

College of Marin

College of the Desert

College of the Siskiyous

Compton College

Contra Costa College

Cuesta College

Cosumnes River College

De Anza College

Diablo Valley College"

East Los Angeles College

El Camino College

Foothill College

Fresno City College

Fullerton Junior College

Golden West College

Grantham School of Engineer ng

Hartnell College

Hegld Engineering College

Humphreys C011ege

Los Angeles City College

...)os.Angeles Harbor College

Lop Angeles\Pierce College

Los Angeles (alley College

Mesa Community College

Modesto Junigr College

Monterey Peninsula College

Moorpark College

Mount Sen. Antonio College

Napa College

Northrup Institute of Technology

Orange Coast College

Pasadena City College

Rio Hondo College "

Sacramento City College

San Bernardino Valley College

's San Diego Community College

San Joaquin Delta College

Santa Ana College

Santa Barbara College

Santa Monica City College

2 I "
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Santa Rosa College

Shasta College

,Sierra College

Solano College

Southwestern College

Taft College

Ventura College

Victor Valley College

West Hills College

West Valley-College

Western States College of Engineering

Yuba College

COLORADO

Arapahoe Junior College

Lamar Junior CollAge

Mesa C011ege

Metropolitan State College'

Northeastern Junior College

Otero Junior College

South Colorado State College

CONNECTICUT

Hartford State Technical-College

Norwalk State Technical College

Thames Valley State Technical College

Ward Technical'Institute

Waterbury Technical Institute

DELAWARE

Delaware Technical a Community College

D.C.

Washington Technical Institute

FLORIDA

Brevard Junior College

Broward Junior ollege

Central Florid- Junior College

Chipola union College

Daytona B Junior College

Edison Junior College

Embry-Riddle Aeronautical University

Florida Junior College

Florida Keys Junior College
2 -a tj1 ')
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FICIDA (Continued)

Gulf Coast Junior College

Indiari6River Junior College

Lake City Junior College

Lake-Sumter Junior College

s

Manatee Junior College

Massey Technical Institute

Miami-Dade Junior College-North

North Clearwater Technical Education Center

Okaloosa-Walton Junior College

Palm Beach Jwniof,College

Pensacola Junior College

Polk Junior College

St. John's River Junior College

St, Petersburg Junior College

Santa Fe Junior College

Tampa Technical Institute

Valencia Junior College

GEORGIA

DeKalb College

Southern Technical Institute

HAWAII

Maui Community C011ege

IDAHO,

Boise State College

Ricks College

ILLINOIS

Belleville Junior College

Black Hawk College

Bradley University

Chicago City College -fenger

Chicago City College - Wright

Chicago Technical College

' College of DuPage - Glen Ellyn

Owne Electronics Institute

,Crane/Junior College

DeVr"Institute of Technology

Highlands Community College

Illinois Valley Communi-* College

Industrial' Engineering College

Joliet Junior College 24



-207--

ILLINOIS (Continued)

Kask.askia College

Parks College of St% Louis UniOrsity

Prairie State College

R0ock Valley College

Sauk Valley College

Spoon Valley College

Thornton Community College

Wm. Rainey Harper College

INDIANA

ITT Educational Services - Evansville

ITT Educational Services - Ft. Wayne

ITT Educational Services - Indianapolis

Purdue University

Tri-State College

Valparaiso Technical Institute

Vincennes University

IOWA

East Iowa Community College - Clinton

East Iowa Community College Dav'enport

East Iowa Community College - Scott

Ellsworth Community' College

Hawkeye Institute of TeAnology

Iowa Central Community 4llege

Iowa State UniverSity Technical Institute

[Iowa] Area XV Community College

Iowa Western Community College

4Cirkwood Community College

Marshalltown Community College

North Iowa Area Community College

Southeastern Community College

Waldorf College

KANSAS

:Butler County Community Jr. College

Hutchinson Community Junior College

Kan8as City Community Junior College

Kansas Technical Institute

KENTUCKY

.Ashland Community College

Eastern Kentucky University

2

I
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`KENTUCKY (Continued)
1

Henderson Community College

4 Lexington Technical Institute

, Somerset Corrimunity College
.

Southeast Community College

Western Kentucky University

LOUISIANA

Delgado College

Northwestern State College

MAINE

r

Southern Maine Vocational /Technical Institute

University of Maine

MARYLAND

Allegany Community College

Anne Arundel Comdunity College

Capitol Institute of Technology

Catonsville CoMmonity College

Charles County Community College

Community College of Baltimore

Hagerstown Junior College

Harford'Junior College /0

Montgomery College

Prince Georges Community College

MASSACHUSETTS

410

c.

0
Blue Hills Regional Technical Institute

Berkshire Community College

Dean Junior College' y

Franklin Institute of Boston

Gennesee Community College 0 \

Holyoke Community College

Lowell Technological Institute

Massasoit Community College

Merrimack College

Mount Wachusett of College

°"--04 Newton Junior ollege

North.Shore Co College

Northeast 'stitute of Industrial Technology

ffNorther ssPex Community College,

Ouinsigamond College

Springfield Technical CoMmunitY College

Wentworth Institute

Southeast Massachusetts University
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MICHIGAN

Delta College

Perris State College

Flint copmuAity Junior College,

Grand Rapids Junior College

Henry Ford Community College

-Jackson Community ,College

Kellogg Community College

Lake Michigan College

/Lake Superior State College

Lansing Community College

Laurence Institute of Technology

Macomb County Community College

Michigan Technological University

Mpnroe County Community College

Muskegon Community College

Oaklana'Community College

,Schoolcraft College

Southwest Michigan College k

Washtenaw Community College

MINNESOTA

Anoka-Ramsey State Junior College

Austin State Junior College

Hibbing State Junior College

e. North Hennepin State Junior College

Rochester State Junior-College

uthwest Minnesota State College

MISSISSIPPI

Jackson County Junior College

Jefferson Davis Junior College

Mississippi Delta'Junior College

Mississippi Gulf Coast Junior College

Northeast Mississippi Junior College

Northwest Mississippi Junior College

MISSOURI

I

Central Technical Institute

Crowder College

Findlay Engineering,College

Florissant Valley Community College

Forest ParkCommunity College

Jeffilimedliege
\ .

21"
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4i

MISSOURI (Continued)

Kansas,City Metro Junior College

Linn Technical.College

Meramec Community College

Mineral Area College

Missburi Southern College

Penn Valley Community College

MONTANA

Miles Community Colllege

Northern Montana College

NEBRASKA

Central'Nebraska Technical College

Nebraska Vocational/Technical School

University of Nebraski,- Curtis

University of Nebraska - Omaha

Western Nebraska Vocational/Technical School

NEVADA

Elkd.Community College

Nevada Technical Institute

r

/-`

la

NEW HAMPSHIRE AO

New Hampshire Technical Institute

New Hampshire Vocational/Technical College

NEW JERSEY
a

Cumberland County College-
.

Mercer-County Commuhity College

Middlesex Count College '

Ocean County C ge
i \

Union County Te hnic(l Institute

NEW MEXICO

East'ern New Mexico Jniversity

New Mexico Highland University

New Mexico Junior ollege

New Mexico State University - Las Cruces

North American Technical Institute

Western New Mexico University

NEW YORK

Academy of Aeronautics

Adirondack Community College

Auburn Community College /

2 1

IP+



-211-

NEW YORK (Continued

Bronx Community College

Broome Technical Community College

Duchess Community College

Erie Community College

Fashion Institute of Technology

Fulton-Montgomery Community College

Hudson Valley Community College

Jamest6wn Community College

Mohawk Valley Community College

Monroe Community College

Nassau Community College

New York City Community College

Iw Yor Institute of TAhnology

Niagra County Community College

Orange County Community College

Paul Smith's College

Queensborough Community College

RocIster Institute of, Technology

RCA Institutes

Staten Islland Community College

Suffolk County Community College

SUNY/Buffalo

SUNY/ATC/Alfred

SUNY/ATC/Canton

SUNY/ATC/Cobbleskill

SUNY/ATC/Delhi

SUNY/ATC/Farmingdale

SUNY/ATC/Morrisville

Ulster County Community College

Vorhees Technical Institute

Westchester Community College

NORTH CAROLINA

Asheville-Buncombe Technical Institute

Brevard College

Cape Fear Technical Institute ,

Catawpa Valley Technical Institute°

Central Carolina Technical Institute

Central Piedmont Community College

College of the Albermarle ---

Davidson County Community College

Durham Technical Institute

Fayetteville Technical Institute
21"
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NORTH. CAROLINA (Continued)

Forsythe Technical Institute

Gaston College

Guilford Technical Institute

Isothermal Community College

Lenoir Community College

Pitt Technical Institute

Richmond Technical' Institute

Rowan Technics Institute

Southeastern Community College

Surrey Community College

Technical Institute of Alamance

Wayne Community College

Wilkes Community College

Wilson County Technical Institute

W. W. Holding Technical Institute

NORTH DAKOTA

North Dakota State School of Science

OHIO

C

Idrican Technical Institute

vinnati Technical Institute

Clerk County Technical Institute

Columbus Technical Institute

Cuyahoga CoMmunity College

Electrical Engineering Technical Institute

Frankliik University

Griswold Institute

IT' Technical Institute

Kerf( State University

Lakeland Community College

Loiain County Community College

Mimi University2 Middletown

Miami University Oxford

North 'Central Ohio Tedhnical Institute

Ohio College of Applied Science

Ohio Technical College

Sinclair Community College

Tri-County Technical Institute

, University of Akron Community College

University of Dayton Technical Institute

University of Toledo, Community 6 Technical College

2211
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OKLAHOMA

Connors State College

East Oklahoma State College

Murray State College .

Northeast Oklahoma A01 College

North Oklahoma College

Oklahoma State University - Oklahoma City

Oklahoma State University- Stillwater

Sayre Junior College

OREGON

Blue Mountain Community College

Central Oregon Community College

Lane Comminity College

Mount Hood Community College

Oregon Technical Institute

Portland Community College

Salem Vocational /Technical Community College

Southwest Oregon Community College

Umpqua Cqmmunity College

PENNSYLVANIA

BuOks County Community College

Community College of Allegheny County

Community college of Beaver County

Community College of Delaware County

Community College of Philadelphia

Harrisburg Area Community College

Lehigh County Community College

Luzerne County Community College

Northampton County Community College

Pennsylvania State University

Point Park College

Spring Garden College

Temple University Technical Institute

Williamsport Area Community College

York College of Pennsylvania

RHODE ISLAND

Rhode Island Junior College'

Roger Williams College

SOUTH OfiROLINA'

Florence Technical Education Center

Greenville Technical Education Center

20'
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SOUTH CAROLINA (Continled)

Midlands Technical Education Center

Palmer College

Piedmont Technical Education Center

Spartanburg Technical Education Center

Tri-County Technical Education Center

York County Technical Education Center

SOUTH DAKOTA

Lake Area Vocational/Technical School

Southern State College

TENNESSEE

Chattanooga State Technical Institute

Nashville Sttte Technical Institute

State Technical_IoAtitute.- Memphis

TEXAS

lo Coll'ege

Del Mar ollege

El Centr College

Grayson 'ounty Junior College

Hend: on'County College

ill Junior College

Kilgore College

Le Tourneau College

Lee College

San'Antonio College

San Jacinto College

South Plains College

Tarrant County Junior College District

Texarkana College

Texas State Technical Institute

University of Texas/Ailington

Wharton County Junior College

UTAH

4

Brigham Youn University

Utah Technol ical College '- Provo

Utah Technological College - Salt Lake

Weber State College
--)

1

' VERMONT.
.. 4

Vermont'TechniCal College

2°-
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Blue RidgrCommunity College

Danville Commiltity College

D. S. Lancaster Community College

Ferrum Junior College

John Tyler Community College

North Virginia Community College

Old Dominion University
. ,

Radford -Nublin ComNunixv College

Tidewater Community College

i)

Virginia Western Community Conti

Wytheville Community College

WASHINGTON

Centralia College

Clark College

Columbia Basin Community College

Fort'Steilacoom Community College

Grays Harbor College

Green River Community Co/lege

.Highline Community Col ge

Lower Columbia Coll

Olympic Community College

Peninsula Community College

Seattle Community College

Shoreline Community College

Skagit Valley College

Spokane Community College

Wenatchee Valley College.

Yakima Valley College

WEST VIRGINIA

Bluefield State College

FairmOnt State Collegg

Potomac State College

West Liberty State College

West Virginia Institute of Technology

WISCONSIN

District Eleven Vocational /Technical School

District One Technical Institute

Fond du Lac Technical Institute

Fox Valley Technical Institute

Kenosha technical Institute

2?
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Madison Area Technical College

Mid-State Technical Institute

Milwaukee'Area Tech/dical College

Milwaukee School'of Engineering

North Central Technical Institute

Northeast Wisconsin Technical Institute,

Racine Technical Institute

Rice=Lake Vocdtional/Technical School

Y:.upericr technical Inetitute

Waukesha County Technical Institute

Western Wisconsin Technical Institute

WYOMING

Casper College

Central Wyoming College

Northwest Community College

Sheridan College

OTHER

University of Puerto Rico

Institutions Offering Curricula Which Lead to the

Degrees

ALABAMA

Alabama A&M Uil/versity

Tuskegee Institute

ALASKA

ARIZONA

Arizona State University

DeVry Institute of TechnOlogy - 9.hoenix

Northern Arizona University

ARKANSAS

John Brown University

CALIFORNIA

of Baccalaureate

California -State College - Long Beach,

California State.Polytechnical College -.San Luis Obispo

Northrup Institute'bf,Technology

San Jose State College
-s7
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I

COLORADO ,

Metropolitan State College

South Colorado State College

CONNECTICUT

DELAWARE

D.C.

FLOR DA

Embry-Riddle Aeronautical Univerity

Florida Agll University

University of South Florida

GEORGIA

Georgia Southern College

Southern. Technical.Institutg

HAWAII

Church College of Hawaii

IDAHO

IELINOIS

Bradley University

DeVry Institute of Technology - Chicago 0

Eastern Illinois University

Industrial Engineering College

Parks College - St. Louis University

Southern Illinois University

University of Illinois

4
INDIANA

Indiana University/Purdue University - IndianEpolis

Purdue University

Valparaiso Technical Institute

IOWA

)(VISAS
9

Kansas State College - Pittsburg

Kansas State Teachers College

KENTUCKY

Easteft Kentucky Univrprsity

Western Kentucky Uni(fersity

2 5
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LOUISIANA

Louiilaa Polytechnic Institute

Louisiana State University

Northwe ,'erri State College ,

Soastern Louisiana College

Sbuthern University

,University of Southwest Louisiana

MARYLAND 0

Capitol Institute of Technology

University of Maryland

MASSACHUSETTS

Boston University

Lowell Technological Institute

Northeastern University - Lincoln College

Southeast Massachusetts University

Wentworth College

MICHIGAN':

Northern Michigan' University

Western Michigan University

MINNESOTA

I
Mankato State College

lloorlhead State College

Southwest Minnesota State. College

University of Minnesota

MISSISSIPPI

Mississippi State University

MISSOURZ

Central Missouri State College

Findlay Engineering College

Southeast Missouri State College

MONTANA

Mon.:aria State Univop4ty

NEBRASKA

Kearny State College

University of Neb/ slea Omaha

NEVADA

: NEW HAMPSHIRE

-1
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NEW JERSEY

Montolir College

NEW MEXICO

New Mexico State University - Las Cr4ces

NEW 1)ORK N
New York Ingtitute of Technology

Rochester Institute of Technology

t- Syracuse University College

NORTH CAROLINA

North Carolina State University

N'Orth Carolina AST University

University of North Carolina - Charlotte

NORTH DAKOTA

OHIO

Bowling Green State Uhiversity

Cleveland State University

Franklin University

Kent State University

Miami University

Ohio Tedhical College

Ohio University

University of Akron

University of Alyton

OKLAHOMA

Oklahoma State University

OREGON

Oregon State University

Oregon Technical Institute

PENNSYLVANIA

Pennsylvania State University

Point Park College,

Spririg GaL'den College

Temple University

RHODE ISLAND

Roger Williams College

SOUTH CAROLINA

South Carolina State College

2



SOUTH DAKOTA

TENNESSEE

Austin Peay State University.

East Tennessee State University

Memphis State University

Middle Tennessee State University

Tenne4fee Technological University

TEXAS

East Texas State University

Le Tourneau College

Tekas AO University

Texas Technological University

University of Houston

UTAH

Brigham Young University

Utah StateUniversity

Weber,State College

Southern Utah State Co;lege

VERMONT

I
University of Vermont

VIRGINIA

Hampton Institute

Old Dominion University

WASHINGTON

Central W.4,hington State liege

)4alla Walla College

Western Washington State Col'ege

WEST VIRGINIA

Bluefield State College

Fairmont State College

WISCONSIN

Acme Institute of Technology

Milwaukee School of Engineering

Stout State University

Wisconsin State University - Platteville

WYOMINe

OTHER

A



APPENDIX B

DIGINECRIOG TECHNOLOGY EDUCATION STUDY

Curriculum Survey
MATHEMATICS

Please indic.te, by checking the appropriate Space, Inc edteni

to which each of the following concepts or topics is treated in
your syllabus for the Mathematics courses offered forstudents
in engineering technology curricula. If your course outlines

normally include additional topics please add them at the end

of the list

Please observe the following codes in checking spaces for your
response

1 . hot Covered

2 . Introduced Only

3 = Brief Discussion
4 . Covered in some Depth

S . Covered in Detail

The Number System of Algebra

Sets

The natural numbers

The real-number system

The Fundamental Operations

The relation of ec..ality

Addition of monomials and
polynomials

Subtraction of monomials
and polynomials

Axioms and theorems of
multiplication

Law of signs for . nultipiication

Law of exponents in multiplication

Multiplication of two or more
expressions

Division of algebraic expressions

Special Procucts and Factoring

The product of oft, binomials

The product of twotrinomials

The square of polynomial

Factoring

Factors'of-e quadratic trinomial

Trinomials that are perfect squares

FactOrs of a binomial

Common factors

Factoring by grouping

Difference of two squares

Fr$ctions

Conversion of fractions

Multiplication of fractions

Division of fractions

, The lowest common denominator

Addition of fractions

Complex fractiqns

Exponents and Radicals

Nonnegetive integral exponents

Negative integral exponents

Roots of numbers

Rational exponents

Conversion of exponential

expressions

The product and quotient of two

radicals

Rationalizing monomial denortnators

Changing the order of a radical

Addition of radicals

Additional operations involving

radicals

Linear and Fractional Equations

equivalent equations

Linear equations in one unknown

Fractional equations

Solving statdd problems

1 2 3 4 5

EI [ I (] (]
[ ] [ ] (1 [ ]

[ ] [ ] [ ] [ ]

[ ] Cl [ ] [ ] [ ]

[ ] [ ] [ ] CI [ ]

[ ] [ ] [ ] CI [ ]

[ ] [ ] [ ] [ ] [ ]

[ ] [ ] CI CI [ ]

[ ] [ ] [ ] [ ] CI
[ ] [ ] [ ] [ ] C 1

[ ] fl [ ]

Quadratic Equations

Solution Ly factoring

Solution by completing the
square

Complex numbers

The quadratic formula

Equations in quadratic

Equations that involve
of the second order

Problems that lead to quadratic
equations

Nature of the roots

The sun and product

form

radicals

of the roots

Factors of a quadratic trinomial

Functions and Graphs

Ordered pairs of numbers

Functions

Functional notation

Relations

The rectangular coordinate system

The graph of a function

The inverse of a function

Systems of Equations

o in two variables

Graphs of questions in two variables

Graph of a quadratic equation in
two variables

Graph of a linear equation in two
variables

Graphical solution of a system
of equations

Consistent, inconsistent, and
depepdent gquations

Algebraic methods of solution,
system of equations

Elimination by addition or

subtraction

Elimination by substitution

Elimination by a combination of
addition or subtraction and
substitution

Symmetric equations

Problems leading to systems of
equations

Problems solvable by means of
simultaneous quadratics

Elementary Determinant's with Applications

Determinants of the second order

Solution of . system of two linter
equations

Systems of three linerT. equations

Determinants of the third order

Solution of a system of three
linear equations

Complex Numbers

[ Definitionz

[ ) Fundamental operations on complex
ers

Geoietrical representation

Geometric addition and subtraction

blur ^epresentati6n

The product of two complex numbers
in polar form

[ ] CI [ ] Cl [ ]

1 [ ] I/ [ ] [ ]

[] [] C.) [] []
[ ] C3 [ ] [ ] Cl

[ ] [ ] [ ] [ ]

C3 C] C] C]
[ ] [ ] [ ] [ ]

(I [ ] C,I [ ]

The quotient of two complex numbers
in polar form

Mbivre's theorem

Roots of complex numbers

2 3 4 5

[]

[]

[]
CI
[]
[]

[]
[]
[]

[

[]
CI

[ ]

[ ]

[ ]

[ ]

E ]

[ ]

CI

C)
[]

[ J

[]
[']

[ ]

[ ]

[ ]

[]
[]
[ ]

[]
CI

[]
[]
[]

[ ]

[ ]

[ ]

[ ]

[ ]

[ ]



1 Not Covered

2 Introduced Only

3 Brief Discussion

4 Covered in some Depth

6 . Covered in Detail

Higher-Degree Equations

1 2 3

Rational-integral equations [] [] []

The remainder theorem
[

]
[

]

Factor theorem and its converse [] [] []

Synthetic division [] [] ]

Graph of a polynomial [ ] 1] C]

Locating the roots [] [] []

Number of Roots [

Bounds of the real roots [] [] []

Rational roots of a polynomial

equation

1 2 `3 5

"---.3A.thematical Induction

Method of mathematical Induction [ ]
[ ] C3 [ ] [ ]

[
] [] The Binomial Theorem

[
]

[
]

The binomial formula

[] [] The nth term of the binomial

t] []
formula

C] C]
Proof of the binoriiai formula

Binomial theorem for fractional
[] [] and negative exponents.

[ 3 [
Permutations and Combinatis

[) []
Definitions

C3 Cl Cl C1 Cl The fundamental principle

[] []
Permutations of n different

element: taken r at a time

[] [] Permutations of a elements

[ ] [ ]

not all different

[] []
Cyclic permutations

Combinations

[ ] [ ] The sum cf certain combinations

The depressed equat-on

Process of obtaining all rational

roots

Descartes's rule of signs

Imaginary roots

Irrational roots by successive

magnification

Transformation of an equation to

decrease its roots

Homers method 'or determining
irrational roctt

Identical polyncria2s

The cubic equati),

The quattic equation

Inequalities

[]

[]

[

[]

[ 1

[

[]

[ ]

[]

[ ]

[ ]

[]

[]

[]

[ ]

[]

[ ]

[

[]

[ ]

[]

[ ]

[]

[]

[]

[]

[ ]

[]

[ ]

[

[]

[ ]

[]

[ ]

[]

[]

Definitions, fundamental axioms,

and theorems

Conditional inequalities

Ratio, Proportion, and Vir-itio

C1 Cl
13 El
Cl Cl

fl fl
Cl El
Cl Cl
[] []
El (3
[ ] [ ]

[ ] [ ]

C L[]

Cl
Cl
Cl

fl
Cl
Cl
[]
[ ]

[ ]

[ ]

[]

Ratio411

Proportion

Variatior

Logarithms

Definitions

Properties of logarithms

Approximations

Scientific notation

Common, or Briggs, Logarithms

Character -stir and martissa

Use of tab-es to obtain the

Mantissa

Use of tables to find N when

log N is given

Logarithmic compitat-or

Logarithms to bases other that

10

Exponential and logarithmic

equations

The graphs cf log 4x and of al

[ [ ] Probability

Mathematical ability

[] [] Empirical prcbab'lity

[ 3 [ 3
Mathematical expectation

[]
Mutually excl,sive events

[ ] [ ]

Independent everts

Dependent events

[] [J

[] [ ]

[] []
[ ] [ ] Cl [ ] fl
[ ] [ ] [ ] [ ] [ ]

[ 1'1 ] [] [] []
C3 C.3 CI [] []

Repeated trials of an evert

Determinant. of Ordem N

Inversions

Determinants of order n

Minors of a determinant

Properties of determinants

Simplification of a determinant

Systems of linear equ,Pions

Netres-

Partial Fractions

Definitions and theorems

Distinct linear factors

Repeated linear factors

Distinct quadratic factors

Repeated quadratic factors,

The Trigonometric Functions

Directed segments

The distance formula

TrigonometIc angles

Standard position of an angle

Definitions of the tmigonometric

functions

Given one function, find the

. other functions

[ ] [ ] [ ] [ ] [ ]

[] c]r[] [] []
[ ] [ ] [ ] [ ] [ ]

[ ] [ ] ] [ ] [ ]

[ ] [ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ] [ ]

C) [) [] C) [ ]

[ ] Cl.C3 [ ] [ ]

[] [ ] fl [],[]
[ ] [ ] [ ] [ ] [ ]

[ ] [ ] C [ ] [ ]

[ ] [ ] 13 [ ] [ ]

[ ] [ ] [ ] [ ] [ ]

[ ] 13 [ ] [ ] [ ]

[ ] [ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ] [ ]

[3,[ ] [] C,3 C]
[ ] [ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ] [ ]

C3 [ ] [ ] [ ] [ ]

C1 [ ] 11 Cl Cl

Progressions Trigonometric Functions of An

-6
Definition of progressions [ ] [ ] [ ] [ ]

r Acute Anglegle
vx.

Arithmetic progressions [] [] [] [] []
Trigonometric functions of [] [] [ ]

[] [ 1

an acute angle

Last term.of an arithmetic
[ ] [ ] [ ] [ ] [ ] 61-unctions

progression
[] [] [] [] []

Sum of an arithmetic progression [ ] [ ] [ ] [ ] [ ]

Variation of the functions of I f 3 fl [
3

[
3 11

an acute angle

Simultaneous

s

use of the formulas
[ ] [ ] [

]'
[ ] [ ] The trigonometric functions of

for 1 and [] [] [] [] []300, 45o, 60v,

Arithmetic mean. [ 3 [] [] [] [] Tables of trigonometric functions [ ] [ 1 [ ] [ ] 1 ]

Geometric progressions [] [] [] [] [3 Interpolation [ ] [ ] [ ] [ ] C3
Last term of a geometric [

3
[

]
[

]
[

]
[

]
Approximationt and significant

progression [] [] [] [] []
figures

Sum of a geometr.c piogression t][3[3[ ] [ ]..., The solution of right triangles [ 3 [3 [ 3 [3 [3

Simultaneous use of the formulas
for 1 and s

[] [] []

Geometric means [ ] J [ ]

Inxinite geometric progressions ] [ ] [ ]

Harmonic progresions [ ] CJ [ ]

[] [] Angles of elevation and depression [ ] [ ] [ ] [ ] [ ]

A 41
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Not Covered
2 . Introduced Only

: Brief Discussion

Co red in some Depth
S Cored in Detail

;'111\

frigunomettic Identities

t

C

The fundamental relations'

Algebraic operations

:Identities and condititnal
' equations

Trigomogetric identities

Related Angles
'

Related angles

Reduction to functions of an

acute angle

Trigonometric functions of

negative angles

Radian Measure

The Radian

Radians and degrees

Length of a circular arc

Trigonometric functions of cumbers

Linear and angular velocity

Graphs of the Trigonometric Functions

Periodic functions

Variations of the sine and cosine

Variation of the tangent

Graphs of the trigonomqtric
functions

Functions,of Two Angles

Functions of the sum of two angles

Sin (A B) and Cos (A + B)

Tan (A + B)

Sin (A - B), Cos (A - B), and Tan [ ]

(A - B)

Reduction of a Sin S + b Cos 0 to K [ ]

Sin (S+H)

Double-angle formulas [ ]

Half-angle formulas [ ]

Product to sum formulas, sum to
r ]

----....--"\

product formulas '

[

r ) ] [ ] [ ] [ ]

[

[ ]

[ ]

[ ]

[ ]

[ ] [ ] [ ] [ ]

[ ] [ ] [ ] -[ ] [ ]

[ ] [ ) [ ] ] [ ]

[ [ ] [ ] [ [ ]

[ ] ] [ ] [ ] [ ]

[ ] [ ] [ [ ] [ ]

[ .] [ ] ] [ [ ]

Trig( (metric Equations

Trigonometric equations

Solvinfa trigonometric equation

Graphical Methods

The Graph of y . a Sin bx

f*% The Graph of y . a Sin 4Iax + c)

Sketching curves by composition

The Grpah of y t a Sin x + b Cos

The Graph of y Sinn x,

sal ion of Triangles

Solution of right triangles

Vectors

The law of ain't

Application: SAA

The ambiguous ca*: SSA

The Law of Cosines

Applications: SAS and SSS

The Area of a triangle

Inverse Trigonometric Functions

Inverse trigonometric functio

trincipla-values of the i

trigonometric funetions

Operations involving inverse
trigonometric functions

Inverse functions M

al.

a

[ ] [ ] [ ] [ ]

4

Special Topics

The circular Junctions

Cirsplar and exponential functions

Solving oblique triangles SAS and
SSS

The law of tangents

Applications of the law of tangents:
SAS

The half-angle formulas .,

Applications of the held-angle
formulas: SSS

The willies a unit of angular

Coordinate and Lines

Number system

Rectangular coordinates

1 2 5

[ ] [ ] [ ] E ]

[ [ ] [ ] [ ]

[ ] [ ] [ ] [ ]

[ ] [ ] [ ] C 3

[ ] [ ] ]

] [ ] [ ] [ ]

[ 1

measure [ ]

Distance between two points ,

Point on the line joining two points

Area of a triangle ,

Inclination 1.nd slope

Parallel and perpendicular lines

Angle between two lines

The locus of a point

Equlpon of a straight lane

Standard equation of lines

Intersectiqr of lines'

Distance from a line to a point

Family of lines

Line-through the ntersection

of two lines

Variables_rfunctions, and Limits

Rate of.ch

The con a

Constants abler

Functions

Limit of a function

Infinity

Limit of i sequence

Differentiation and Applicatipns

Incremitts I

Derivative

Derivativeof powers of x

Slap of a curve

Velocity and acceleration'

Maxima and minima

Critical poihts

Higher derivatives

Points of inflectio oncavity

Applications of Maxima and Min,ima

Differentials

- Approximations ,and errors

Integration of Algebraic forma

Antidiff ntiation

.

[ ]

[ ] [ ]

[ ] [ ]

[1 [ ]

[ ] [ ]

I ] [-]
[ ] Pt.]

[ ]

[ ]

[ ]

[ ]

[ ]

[]

Cl
[ ]

[ ]

[ ]

[ ]

[ ]

Cl

Cl
[ ]

[ ]

[ ]

I ]

[ ]

Cl
a..

Inte Lion of stowers

-Constant of integration

Differential of area

Area'as an integral

Calculation of areas

Area as a limit

Definite integra

Fundamental theo

Plane areas in rectangular

obo

11

223

coordinates

Volumes,of solids of revolution

2 3 I

[

[ ]

[ ] [ ] 4

[ ] [ ]

1



1 Not Covered

2 Introduced Only

3 Brief Discussion
4 Covered in some Depth

S Covered in Detail

Applications of Integration

Moment of sass, centroids

Centroid of a plane area

Centroid of a solid of revolutibn

Moment of inertia

Radius of gyration

Moment of inertia of an area

Moment of inertia of a solid of

revolution

Fluid pressure

Work

**-71

Differentiation of Algebraic Function's

Formulas for differentiation

Differentiation of implicit functions

Equations of the Second Degree

The graph of an equation

Equations of the second deg'ree

The cirode

Circle determined by three conditions

Radical axis

The parabola

Another construction of a parabola

General equations of a parabola

Parabolas determined by three

conditions

The ellipse

Another construction of an ellipse

General equations of an ellipse

Ellipses determined by four conditions

The hyperbola

Asymptotes

General equations of a hyperbola

Hyperbolas determined by four

conditions

Translation of axes

Rotation of axes

Line tangent to a conic

Poles and polars

Tangents to a conic

Differentiation of Transcendental

Functiond

Transcendental functions

Properties of trigonometric

functions

Limit of (sin Bila

Derivatives of trigonometric

functions

Properties of inverse trigonometric

functions

Derivatives of inverse trigonometric

functions

Exponential and logarithmic

functions

Derivatives of logarithmic

functions

Duivatites of exponential function*

Summary and applications

Parametric Equations, Curvature, and

loots

Parametric representation

Derivatives in parametric fore

Differential of Arc length

Curvature

Circle OfMaa4vature

Center cal/curvature

Svolutes .

Nierton's method

4.

t~

I 2 3 4 5 Differentiation with lieesiect to Time

Time-rates
1

Curvilinear motion

Tangential and normal components

of acceleration

Angular velocity and acceleratior

[. ] [ ] ] [ ] ]

] [ ] ] [ ] [ ]

[ ] ] [ ] [ ] ]

[ [ [ C ] [ ]

] [ ] t ] [ ] [ ]

[ ] [ [ ] [ ] [ ]

[ ] E. ] [ ] [ ] []

[ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ]

[ [ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ] [ ]

[
]

[
]

[
]

[
]

[

[ ] [ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ] [ ]

[ ] ] [ ] [ ] ]

[ ] [ ] ] [ ] [ ]

[ ] [ [ ] [ ] [ ]

] [ ] [ ] [ ] 1 ]

[ ] [ E ] [ ] [ ]

[ 1 [ ] [ ] [ ] ]

[ ] [ ] [ ] [ ] [

1 2

At

] ] [ ] ] [

[ [ [ 3

[ [ [

[] [] [] [] []
Polar Coordin %tes

Polar. coordinates

Locus of a polar equation

Intersection of polar curves

Angle between the rates vector
and tangent

Differential of arc

Curvature

Radical and transverse components
of velocity and acceleration

IaeterminatellsOrms

Limits

Rolle's theorem

Law of the mean

Cauchy's theorem

Treatment of indeterminate forms

Curve Tracing

Graphs of curves in rectangular
coordinates

Oblique asymptotes determined by
inspection

Asymptotes to an algebraic curve.

Singufar points of algebraic curves

Summary of curve tracing

Integration

'Formulas of integration

Integration of powers

Integration of exponential functions

Integration of Trigonometric
functional

Transformatlos of trigonometric
integrals

Integrals giving inverse trigonometric

functions

Additional formulas of integratibn

Improper integrals

Integration by parts

Algebraic substitutions

Trigonometric substitutions

Integi,ation of rational fractions

Miscellaneous substitutions

Use of integration tables

Approximate integration

Trapezoidal rule

limpson's rule

Area in polar coordinates

Length of a plane curve

Centroid and moment of inertia
of arc

Area of a surface of revolution

Volumes of solids with known cross
sections

Average value

[ ] [ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ] [ ]

[ ] [ ] I ] [ ] [ ]

[ ] [ 1 [ ] [ ] [ ]

[ [ ] [ 1 [ ]

[ ] [ ] [ ] [ ]

thil[ ] [ ]

[ ] [ ]

] [ ] [ ] [ ]

[ ] [ ] [ [ ]

a
]

]

[ ]

[ ]

[ ]

Series ef,

Sequences and series

Convergent and divergent series

Theorems on convergence

The integral test

Comparison tests

Ratio test

Alternating series

Absolute and conditional
convergence

Power series

23')224

[ ] C ] [ ] [ ]

[ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ] [ ]

[ ] [ [ ] ,[ ] [

[ ] ] [ ] [ ]

[] [] [J [] [']

[ 1 [ [

t [ [ [ [

[ [ [ [ [

[ [ I' [ [

] [ ]

] [ ]



1 . Not Covered
2 s Introduced Only
3 = brief Discussion
4 Covered in some 'Depth
S Covered in Detail

Expansion of Functions

Maclaurin's series

Algebraic operations with power

series

Differentiatilin an ration
of power series

Approximation formulas derived
from power series

Taylor's series

Taylor's theorem

' Hyperbolic Functions

Definitions of the Hyperbolic

functions

Identities involving hyperbolic
functions

Derivatives and integrals of
hyperbolic functions

The inverse hyperbolic functions

Derivatives of4he inverse hyperbolic
functions

/

Integral. leading to,inverse

hyperbolic functions ,

Relations between trigonometric
and hyperbolic functions

Geometric interpre:ation of
hyperbolic fuOcti,ns

Solid Analytic Geometry

Rectangular coordinate's

Distance between two points

Point on the line joining
two points

Direction of a line

Angle between two lines

Locus of a point in space

Equation of a plane

Normal equation of a plane

Planes determined by three
conditions

Equations of a line

Symmetric equations of a line

Equation of a surface

Quadric surfaces

1 2 3
Multiple Integrals

Double integrals

(3 (3 Iterated integrals

Iterated integrals in rectangular
[1] [1 coordinates

(3 (3 Plane areas by double integration

Cl (1 Centroid and moment of inertia of
a plane area

[ 3 ( Iterated integrals in polar

EI (3 (3 L) CI

(3 [] (3 [] LI,
C1 (1 [] CI C/1

[3 [] [3 [3 [3
[3 [] [3 [3 [3

[3 [ ] LJ [3 [3

[] [] [3 (I [3

[ [ 1]
C,1 CI C] (113
[3 [] [].(3 [i
C ] [ ] [ ] [ ] [ ]

Partial Differentiation
3

runctions of two o
variables

3 3

Continuity

Partial derivatives '1 [3
Geometric interpretation o
partial derivatives 3

Partial derivatives o higher
3

order

Increment and total di rential
of a function

Approximations and errors 3

Total derivative.

3 (3
Chain rule for partial derivatives

Differentiation of implicit functiont

Tangent line end normal plane to a le [ 3

curve

3

1011:Ull

1 line and tangent plane(to a

3

Maxima and minima

Differentiation of a definite integral

`Taylor's series for functions of two
[ ] 4 ]variables

Sufficient condition for a maximum or [ ] ]

minimum

coordinates

Plane areas in polar coordinates

Volumes by double integration

Voluaga,in cylindrical coordinates

Areas of curved surfaces

Triple integrals

Iterated integ'uls

Iterated triple integrals in
rectangular coordinates

Volumes by triple integration

Center of gravity and moment of
inertia of a solid

Triple integrals in cylindrical
coordinates

Triple integrals in spherical coord
coordinates

Differential Equations

Solutions of differen equations

Differential equations `of first

order and first degree

Exact differential equations

Linear equations of the'first order.

Equations reducible to linear equations

Second order equation:Itreducible to
first order

Applications of first- order differential
equations

Linear differential equations of order n

Homogeneous equations-with cOnstank
coefficients

Nonhomogemeous equations with constant
coefficients

Applications of linear differential
equations

Vector Analysis

Addition of Vectors

Scalar multiplication of Vectors

Vector multiplication of Vectors

Scaler triple product

Vector triple product
(

Derivative 'of a vector

] LI The gradient

[ ] [ ] [ ]

[ ] (1 [3

O The divergence

The b,pT1 of rotation

Summary of Vector differentiation

Line integrals

Surface integrals

Divergence theorem

Stokes's theorem

23,3
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APPENDIX C

ENGINEERING TECHNOLOGY EDUCATION STUDY

- Curriculum Survey

CHEMISTRY

Please indicate. by checking the appropriate space, the extent to
which each of the followirg concepts on topics is treated in your
syllabus fdr the General Chemistry course whICh is offered for
engineering technology students The General' Chemistry cours,

for which responses are given should be the erne taken by non-v
majors in case separate courses are offered for majors anaFEm
majors If your course outline normally inclildes additional

topics, please add them at the end of the list

'Classification of matter

Weight relations, conservation laws

- Physical I Chemical changes

IChealca 1 notation

Atomic and FormJla,aelgnt

Chemical evatiors and Stoicl,iomet

Kinds of El ements

Descripti,e St,dy of certair
representative ..rents

pinary Compounds

Ternary Compounds

Fundamental ParticieS

Nuclear Reactions

Natural Redioac.v.ty

Artificial Radi,act.,,ty

Fission and fun -or

Periodic law

Atomic Structure

Stable Electron Conf,:g4rat.ons

ARIali Metals

Metals of Group, :IA
an ILIA A

tie nts of GP46ps VU
VIIA k

' Transition Llemer'a

tlements of GT-Alp, 1,0

and VA

Ionic Bond

Simple ant; C...ppigm tons

Electrolysis

Covalent Bond

Structure of he Hydrogen

Molecule

Other Diatomic Molegples

Covalent 'Bonds brween
Dissimilar Atoms'

Properties of COvelent

Compounds 1

Solvent-Solute ihersomena

Nolality

,Fekezing Point repression: and

V &Oiling Pc,n Eleva%.on

Calculations

a

o

, .
:1

S

0

)

) I )

) I I
Indicators

Ionisation. of Polar Molecules

Hydrogen Bonding

Redo, Reactions of the Free
Elements

Redox Reactions of Compounds

Oxidation Numbers

Balancing Redox Equations

Activity Series

Redox Equilibria

Arrhenius Concept of Acids
and Bases

Bronsted-Low-y Cosept of
Acids and ears

Levis Concep cf and
Rases

Strengths of Acids and Bases

Hydrolysis of Salts

Titration

Normal and Molar Concentration

Partially ionic Bonds

Partially Covalent Bends

Electronetativity,

Structure of Partially Ionic-

if
Partially Covalent Compounds

Dipolar iblwaLles'

Acidic, Basic, and Amphoteric

Oxides

Acid -(Lase Equilibria

pH Calculat..ons

Liquids - Gases - Solutions

Van der W.,als, Ions, Covalent,
and Meallic Solids

Boyle's Law Calculat-on

Charles' Law Ca.culations

Ideal Gas Law Calcalat-ons

forms of Energ/

Specific Heat'

Heat of fusic-

Heat of Vapor..at.on

Itanetic-wole,:,ar Thecry

Bond Energ-e,

Heat of 'React.on

Activat.on Energy

free Energy

EnthalpT, and Ent rophy

Hydrocarbons

[ j Aliphat.c Hydrocarbois

Aromatic Hydrocarbons

Reactions of Hydrocarbons

funlionally Substituted Hydrocarbons

Reactions $1 Subltitated
Hydrocarbons , '

(I I I I) II Ionic Organic Mechani'sms

'I I () II II ( I Free Rad.cal Crgar,c Mecharisrs

I 11 ( ) I) I J Sugars and Polysaccharides

) ( I. I ) I j fats

Amino Acids and Proteins

[ ) ( 1 ( 1 1 1 [ ]

'Vitamins and Alkaloids

227

t3
tI

Is)

234

g

C

N

Il

13

II II CI
CI

131) 13

II I I CI CI II

CI.II II CI II
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CI I I I I I
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I )

CI CI II CI CI
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ENGINEERING TECHNOLOGY EDUCATION STUDY

APPENDIX 0

Curriculum Survey

PHYSICS

Please 'indicate. by cheEkini the appropriate space, the 'stint

to which each of the fallowing concepts is treated in your
syllabus for the Physicecourse which is offend for students
in engineering technology curricula If your course outline
normally includes additional topics, plass* add them at the
crab of the list.

1 . Not Covered

2 . Introduced Only
3 r Brief Discussion
4 . Covered io some Depth

Covered In Detail

Mechanics

Units and Systers of Measurement I] I] I I] I)
Vector quantities I] ()I] I] I7
Representation of Vector
quantities

Vector addition

Vector subtraction

Resolutior of Vectors

Component method of Vector
addition

Constant, irotartaneo,s, and
Average Speed

Speed and velocity

Acceleralion

Kinematics cq....atiOnS

Falling bodies

Motion in vertical plare

Projectile and Socket fligtt

Laws of mot.bn

Filet law of motio-

Second law of motion

Third law of motion

Inertia and mass

Force and motion

Kass and weight

Sliding friction

Coefficient of friction

Static friction

lolling friction'. /

Fluid frictioo

Equilibrium of particte

Torque

Center of gravity

Uniform circ.Ila motion

Centripetal acceleration

Centripetal force

Banked Urns

Centrifugal force

Gravitation

Gravitational field

Energy, definitions

Work

Power

Power reasurement

Kinetic energy

Potential energy

Conservation of energy

Momentum and impulse

Conservation of moment.

Collisions

Angular measuremeAt

Angular'velocity

Angular acceleration

Kinematics of Angular motion

Rotational kinetic energy

Moment of inertia

Torque and angular acceleration

Angular momentum

Slagle Machines

Mechanical advantage

Efficiency

Density

I1 (1 ( ] ( ] C7

III] ()I] ( )

I 1 I 1 1 I ) I ]

CP/ 3 ( 11I ) I 1

e ] 7 I (

( ] ( ) I] I] 1)

3 7 1

C1 C1 C] 11

( ] ] C ( 7 ( 1

I 1 I ] ) I ] I )

] ( ] ] ( ) 7

] 1 ) ]

] I 1 7 f 7 (

1 ( 3 1 I ] I )

I ] I 7 C C ( I

( ] 1 I 7 ( ( )

1 1 1 I ) C ]

(1 C7

] I ] 1 1 C ]

7'I ) ( ] I

I I 1 (] ( ) I I

I Cy) I 1 I

T ( ) 3

1 O 1 ) I

( ] [ ] ( ) I] SI
I- (1 I1 I) C1

I1 CI C] I] C,)

I1 O I] (1 rt
t ] t ] t t 1]

( ) ] ] ] ]

c ] ] ] ( ) ]

] I I I 1

1 1 I 7

] 1 ] I ) 1

C ] ( ] I )

( 1 ( ( ) 1

1 1 I 1 I 3 1

( ] ] ( 7 7

] I ] ] ] I 1

] ] 1 1 3

1 1 I

1 ( 1 I 1 ( 1 1

( ) ( ]

1 ( 1 1 1 I ] I

I 1 1 ( 1 1

( ] ] ( 1 ] 1

] 1 ( ] (

1 f ) 1

] ] ( ( )

] 1 ( ( ] I 1

] 1 1 1 1

( ] ] ] I I 1

] ( ) ( ] 1

C1 (1 C1 (1

vet

Elasticity

Young' modulus

Shear modulus

Ih.r1J modulus

Pressure

Hydraulic pness

Pressure and depth

Archissedes' principle

Fluid flow

Sernoulli's eqwation

Elastic potential energy

Simple harmonic motion

Tte pend41.

Kinematics of vlbratOry motion

Wave Motor, AeOult.C

Water waves

Longitudinal and transverse

waves

Wave speed and energy

Standing

Resonance

Sound.

Musical Sounds '

Acoustical attenuation

Supersonic waves

Doppltr effect

Heat

Temperature

Meat

Specific heat capacity

Change of state

Calorimetry

Mechanical equivalent of heat

Thermal expansion

Volume expansion

Soyle's Lew

Ch2tsls's law

Ideal gas law

Kinetic theory of gases

Kinetic theory of matter

First law of thermodynamics

Second law of thermodynamics

Carnot engine '1.

Carnot efficiency g

Stealengines

Internal combustion engines

Statisticgl mechanics

Conduction

Convection

Radiation

The refrigerator

Thermodynamics of refrigeration

Light, Optics

Huygen'Aprinciple

Reflection

Plane mirror

Concave mirror

Convex mirror

image formation

Mirror equation

Magnification

Spherical aberration

Snail's law

t't/ 229 235

t 2 3 4/ 4
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1 . Not Covered

2 Introduced Only

3 s clef Discussion
4 : Covered in some Deptl

5 . Covered in Detail
1 f 2 3 4 5

lades of refraction I ) [] I) II I 7

rre () 'C 1CIIIII \I....
Ihducta

(3 IN) Il IC I).Trensformer

Apparent depth ' ( 1 ( 7 ( 7 ( 1 I 7

Solenoid ( ) I 1 I I I) ()

Total internal reflection ( 1 ( 1 C) IIC r
60,1111 I)1) C I3 C

m IIMognetoc potential energy I 1 () (1 ()
11

I 1 ( ) C ) I 1 C )Growth and decay of current

a

Image formation ( 7 ( 7 ( I.() hid
Magmatic energy density. IC I3 I1 IC IC

Electrical oscillation. () (1(1 CI CI
Me

74,
lent

Il El IC Il I)
equetion E ( ( ) IC IC IC

T4,1
Effective current and

voltage
I3 IC IC IC IC

The at cr.:4,v pe C1(1 CI El CI these relations (I (1(1(1 (I
Ike telescope ( I I ) I I I ) I ) Inductive reactance ( ) I ) I ) I 1 I 7

Lena aberrations I ) C ) I ) I 1 I ) _Camacitive reactance I I I) I) I ) I)

Diffraction ( I I 7 I ) I ) ( )

Impedance
IC IC II C3 II

s The double slot ( 1 I fI) IC CC I3 CC II IC II

Color, Spectra and spectrometry (1(1C1(1( 7'
Resonance

Power on AC-circuits ( ) I) I) C7 II

Diffraction grating [1 ( ) ( ( ( 7_ I ) qemmell's hypothesis ( 7 C7 E 1 ( I ( I 9111P

Poi/aro:anon I ) I 7. (.) ( ) I 7 Electromagnetic wares I ) I) (,, II ()

eqmoeties of electromegnetoc

Eleotricoty and Magnetos& Ilk litiVe
( C II II (3 II

Electronagnecoc raves in
Electric charge Il I) El IC II IC () II II II
Coulomb's lam IC IC (I C3 CI IC IC (/ VI CC

communicat.ons

ladistoon pressare

Multiple charges ( I (1(1(1E1
es

I I I 1 I ) ( 4 ( ) Modern Phys.cs

. 0

ctriThe electric Held

-------EiMill field of a point
( 3 (3 'c 3 (l( ] from of reference (7() (1 (1 (7

charge

Electric lines of force ( 7 'E ( ( ( I ) I )

re I ) ( ) C ) ( ] C )Specoal sherry of lativity

Potent i1 difference III1CIS..dIC ,
I ] fl (1 II I)Relativity and sass

rhotoelectric effect

IC CI t) ,1 CI
Electric current I1 IC IC C'l IC

4 ,..d energy

Ofw ' ler C l IC IC IC ()
I/ II IC II IC

Resist.vity II IC CC I3 I)
CI t) tit) ()Quantum theory of light

,,,
Resistors Cr cobiranor IC IC I) IC I) x-ray -- I 7 Ii CI (3J1

Electric.: power I I I 1 CI j) CI MatriSr C 7 I 7 I C 'I 7 I 1

. A Eloctroeotive force II II I) CC 13,
IC II II CC (1°I.Incerta..nty pr.nciple

Causality
c

Kirchhoff's rules II ,LI CI IC IC
IC II CC IC (1

Ionisation and recombinetior I 7 I C. I I IC C C

II (I CC ( l CCThe 11-4clear motel of the eoom

Polar moler!u.s IC I) II IC IC Electron crte IC El IC I) El

Electrolysos (I CI C3 CI CI Atonic spectra 1 1 ( I I 1O (3

and electrodepos.t,n
Energy 1.VgIS and speere IC IC (3 (3 ()

I 7 I 7 I) (3 (1
ElectrocnemIcal ey 4

sour

I I C) () ( ) 117 I

ohr atom
se

Chemical so,..rces of electric C C ) C I C ) C ) Atoolt. esc et.on CI CI 11 IC I 7

e nergy C.4entam theory of te toe C IC) () CI II
Dr, batteries I) CI IC 14.] 13 El,ct,,,,, IC II (l II (I
Storage batteries

( ) ( )
C ) ( ) ( ) Periodic lea ( ) ( I ( I C ) I I

Fuel tales C +1, C ) C ) ( ; C ) Atomic tr...c..,re C3 El El t1 I)

Capacitance I F3 11(11) CI Ionic bindirg C C II C

Energy of charged rapantOr IC (3 (I (3 (3 -..- El (3 II (3 I 7

electric energy dera,t,r I 7 I I II Il IC
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Polar molec les II I) () II ()
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Magnetic induction I) IC ()II C) Energy hands
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Regnant properties of setter ( ( IC II II (T
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Semiconductor devices (
I 7 I 7 I 7
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APPENDIX E

AMERICAN SOCIETY FOR ENGINEERING EDUCATION

§uite 400 Ohe Dupont Circle, Washington, D. C. et:036

S'UDENT INFORMATION

TO STUDENTS ENROLLED IN TECHNOLOGICAL CURRICULA:

The American Society

Information is needed

and other technical p

questions below. The

Your answers will be

this questionnaire.

for Engineering Education (ASEE} is conducting a national study of technological education.

from students in engineering, pre-engineering, industrial technology, engineering technology,

rograms. You are being asked to participate in this study by providing responses to the

inforrnation, you supply will assist ASEE in its study and will be greatly appreciated.

,

kept' strictly confidential, and you will not be personally identified in anyway. Do not sign

1 141 2 Sew 3 Narita' Status

4 Name of school you now attend

5 Regatta-tan status (check one) Full-Time PittTime

6 Did you attend any other colleges previously'

ti

If so, please

tone them

7. *Alt is your pewit major'

g. What previous majors, (rf any) had yoy selected,

9. If you had any changes of mew, what were the reasons for the change'

10 what is your present grade point average in all subtects' (Please use

the lour-point" scale, I e , A = 4, 8 = 3, C = 2, 0 1)

11 Basis of college admission (check one)

a Graduation from high school 0
4

b General Education Development test

scores or similar equivalency 0

c Cither

12 Row many years of each of the following lubiects did you have in
high school'

a, Mathematics

b Physics ,

c Chemists,/

d Drafting

a Industrial Arts

f Votionel Education

g Technical Education
4

13 What win your rank in your high school class' (Check one)

a Upper Quarter 0 d tower Quarter

b Second Quarter

c Thud- Quarter G

-23123 7

e Unknown Or



15 1Vhat are your immediate plans upon graduation from the institution m 21. In you opinion, how well is the 'program of studies

which you are now enrolled? (Check one explain where needed paring you for your intended career' (Cheek on "Rid"

special strengths or weaknesses you perceive)

a Seek employment

b. Centime schooling Where' Mita'

c Military service

41. Other (Please explain./

16 What, presently, is your career objective' (Professional or technleal

employment management, teaching, operate your own business, etc)

17 How confident are you that the career objective named in ;tern 16 is

the one you realty want"

a Positive (

b Reasonably certain

c Moderately certain

d Not sure, this is a tentative choice only

18 Approximately when in life did you first decide on your career objective'

19 Who or what influenced you in making your career decisioni (Comity,

high scbgl counselor, work experience. friends, personal interest, etc

20 Why did you select the Wipe you are now attending' (Its location, its

costs, recommendations or friends, reputation, etc )

1

I

a. Excellently

1.,
school pre-

t on any

b Adequately c Inadequately

Comment

22' How do you classify your home location' (Check one),

a Farm or rural area

b Small Town

c Large Town

d SMall City

e Large City

f Major Metropolitan Area 0

23 If you could choose the ertvironmentin which you work, which of the

'home location" classifications of question 22 would be 41/`

a Your first choice"

b Your second choice'

c The least preferred"

24 What is (or was) your father's occupation'

25 In which of the folloWing amnia/ income brackets do (or did) your

pa(tnts belong" 'Check one

a Less than $400 0

b S 400 S 600 L-

c 600 S 800 _7

d 800 $1000 0

e S1 000 - S1,200

f $I200 $1500 0

More than $1 500 E-'

27 Approximately what percentage of your college expenses come from the

following sources'

a- Family

b Personal Funds

c Veterans Benefits

d Loans

e S'cholarships or Grants

f, Other Please explain

21r) (2
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APPENDIX F

AMERICAN SOCIETY FOR ENGINEERING EDUCATION

Suite 400 One Dupont Circle, Washington, D. C. 20036

GRADUATE INFORMATION
TO GRADUATES OF ENGINEERING TECHNOLOGY CURRICULA:

t,

The American Society for Engingering Education (ASEE) is making a national study 'of engineering
technology education. You, as a graduate of an engineering curriculum, den contribute
importantly to this national study by providing responses to the questions following. All information you
supply will be strictly cOnfidefitial, you will not be personally identified in any way. Please complete the
questionnaire as promptly as possible and return it li5 the postage-paid envelope provided. Do not sign
the questionnaire. ,

1 What is your fob title'

2 From what curriculum did you graduate'

3 When did you graduate' Month Yelp_
4 Now many different jab titles (including the current one) have you

held since graduation"

5 By how many drfferent firms have you been employed'

6 If you are salaried or self-employed what is your present monthly
salary' (Check one)

e. Other, Please explain

12 Ym'irnator reasons) influenced you in your career decisions'
(Mark all that apply)

a You were influenced by your father or other members
of your family who were in similar- occupations

b You were influenced by someone, other than a relative,
in this occupation

c You were influenced by a high school teacher or coun-
selor

d You developed an interest while in another Job
e You developed an interest from newspaper, magazine,

radio or television articles or advertisements

f. Other Please explain

a Less than $500 e 5801 - $1,000
b. $500 - $600 SOW 41,200
c 1401-$700
d $701- $800

g. Over $1200

If you are an hourly employee, what is your present hourly base 13

pay' (Check one)
What thfluenced you in your choice of school in preparing for this
career' (Mark all that apply)

a. Less than $2 50 d, $401-$50T0 a Location

b $2.50 $3 00
s

e $5014600 b Tuition and fees
c $3 01 - $4.00 f. Over $6 IX c

d

Advice from parents
Advice from high school counselor U

8. 'that ts your present age' e

f

information from friends
Publications of the institution

9 Have you had any educational or training experiences since gradua-
tion' Mark each item

In-service or on-the-fob trlining provided by
employer

Courses in public or private schools smog-id for
awl jail fw by your employer

Courses in public or private schools selected by
you but paid forwholly or in partby your
employer -

Courses in public or prnafe schools at your own
choice and expense

10 What was the purpose of the education or laming listed in Item 9'
(Mark each response which applied)

a. Orientation and instruction in company policy
b Acquiring knowlebge directly needed on fob
c. Acquiring skills directly needed on fob
d. Preparation for advancement to a higher position
e Expectation of seeking another position and employer
f Self - improvement only

Other. Please explain

Yes No

n

11 When did you decide to enter your present career'

a. Before high school c During college
b During high school d. Whole employed elsewhere

d

g Other. Please explain

14 In your opinion, how well did your experience at your school pre-
pare you for your employment" Please comment on any special
strengths and weaknesses of your program as you now-see it.

a For your first employment b For your present employment
Excellently Excellently
Adequately Adequately 0
Inadequately Inadequately

Comments

15 Please study carefully the definitions of fob activities at the back
of this questionnaire and then, complete the table on the following
page as it relates to your present Job Admittedly, the list of ac-
tivities is long, however, your responses here will furnish highly
important data of fundamental significance both to the Engineering
Techfiology Education Study and to the institution from which you
graduated In the middle five columns of the table, a check-mark
in the appropriate square is all that is needed In the last column
of the table, enter a number from 1 to 40 as in estimate of the
hours per week spelt in the major fob activities, you need to make
entries oply for those activities which you identified as being per-
formed -°about once per week" or laity or nearly so."

- 233 - 2
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JOB ACTIVITIES FOR ENGINEERING TECHNICIANS

ANALYSIS: Using matliernafical expressions for predicting chaiticteristics.
of machines, equipment, circuits, structures, or materials. ,

BONI MINOS: Building m*Is, experimptal machines, structures,
circuits, equipment, cables, rU-, or components using a variety of
hand and machine tools.

CALNNIATIDM UM OAKMONT: Calibrating and adjusting instruments,
machines, or equipment in order to obtain acceptable limits' of ciOera-
tint
OECD BRADINIGS: Examining drawings donel!ri Mien and (Steeling for
errors.

COMMUNICATIONS: Observing and reporting pertinent activities from
one area of your company to another, keeping each area informed of
the other's activities.

COSIDINATION: Assisting in the solution of problems which sre shared
by two or more activities, such as engineering department and assembly
line or construction site and home office

COMPANY TRAINING: Attendingfraining sessions isi special schools as
part of the fob.

COST ESTIMATING: Estimating costs for materials, labor, equipment
equipment installation, and general expenses for a job.

CUSTOMER SERVICE Following up on complaints and attempting to
satisfy azustomer

BATA RECORDING: Recording tOtt data, possibly including a sketch of
the testiet-op.

IERIVATION: Deriving mathematical expressions for predicting character.
tstscs.lof machines, equipment, circuits, structures, or materials

DESIIIN: Planning, performing calculations, and providing sketches of
strictures, machines, equipment, circuits, components, parts, or tools
to satisfy specifications on sue, weight, function, condition- of opera-
tion,; or performance characteristics.

DESIGN wHITANCE Assisting the design leader by performing calcula-
boat, obflilning handbook data, determining standard components and
prick or making sketches

OWINGDESIGN: Developing and drawing plans including layout,
assembly, dimensions, tolerances, and materials for "stglaures, proc-
esses,', machines, equipment, components, parts or too-Tr to satisfy
specifications on size, weight, function, conditions of operation, or
perforniance characteristics.

DIUFTINC,--OVAIL Preparing or modifying drawings of actual equip-
ment, rnaehmes, or structures, from design or layout drawings, sketches
or from omsite measurements.

DRAFTING-40011T: Planning and drawing the arrangement of parts,
determining 'dimensions, tolerances, or component values using design
sketches oftelculatiofts.

EVA/NATION: 14erpreting test data by making calculations to compare
actual performance characteristics with desired or expected pesierm
ante characteristics.

EXPEDITING: Keeping, records which show the progress of a job Sched-
uling the arrival of materials, equipment, or tools so the job can
progress without delay:

EXPERIMENTATION: Using fundamental physical laws and relationships
to determine new materials or methods that can- be used ,to improve
technological practices

INSPECTIONMAINTENANCE: Inspecting machines, equipment, or struc-
tures to determine need for maintenance such as oiling, painting,
adjusting, calibrating, repair, or replacement.

INSPECTIONQUALITY CONTROL: Inspecting materials, components, ma-
chines, equipment, circuits, or structures in order to verify the quality
Of conformance with specifications.

MATERIALS TESTING: Testing samples of materials such as metals, piss-,
tics, ceramics, wood, concrete, asphalt, sand, or rock according to a
standard procedure.

IREDIOSSMtOOKTION: Determining how parts of machines, struc-
tures, or equipment should be made and assembled.

METNODSMIALITY CONTROL: Developing methods for inspection, test-
nig, and evaluation of materials, components, circuits, equipment, ma-
chines or structures, either manufactured or purchased by your
company.

MODIFICATION: Altering machines, structures, circuits, equipment, or
components using a variety of hind or machine tools.

MODIFICATIONRECOMMENDING: Making recommendations for changes
in the design of machines, structures, circuits, equipment, or com-
ponents.

OPERATING: Operating complex equipment or machines which require a
special operator because of their complexity.

PERFORMANCE TESTING: Testing machines, structures, circuits, equip-
ment, or components.

PLANNING AND SCHEDULING- Planning a d scheduling the work of
others considering factors like availability pf materials and manpower,
capacity of 'facilities, sequence of oper ions, and reasonable time
limits

PLANT LAYOUT: Planning and drawing the arrangement of spaces, equip-
ment, or machines for a building, portion of a. building, or process.
PROCESS CONTROL: Adjusting controls to regulate a continuous flow
process in order to meet quality and safety standards. ,.

PROGRAMMING: Translating mathematical expressions or numerical data
into program language statements, electrical equivalents, or coded in-
formation in oilier to operate tape controlled machines, computers, or
data processing equipment.

PURCHASING: -Purchasing materials, equipment, standard parts, of six-
! items, specifying the exact requirements the company you are
mg from must meet

TIT', ESTIMATING: Estimating the quantity of materials required to
ld components, equipment, machines or structures

RELIABILITY: Determining reliability data, suchdas life expectancy or
dependability, for structures, machines, circuits, equipment, compo-
nents, or parts
REPAIR: Replacing bad or worn parts and rasserhblies in instruments,
machines, or equipment

REPORT WRITING: Summarizing job activities, for instance, a report on
a test Could include apparatus used, procedures followed, test data,
calculations comparing actual with expected performance, curves, and
charts -

SPECIFICATION WRITING: Preparing documents which specify the ma-
terials and components satisfactory for use in products or structures
produced by your company ..

SUPERVISING: Telling others what to do and evaluating their perform-
ance.

SURVEYINGINSTRUMENT MAN: Setting-up and operating surveying
equipment, such as alidades, engineer's levels, or transits, and keeping
notes, sketches, and records of work performed.

SURVEYINGROOMAN: Holding surveying rods at point/ designated by
the instrument man, marking points with elevations, making measure-
ments, and performing miscellaneous duties as directed

-TECHNICAL PUBLICATION: Writing or revising instruction manual", that
include information like theory of operation, maintenance procedures,
and trouble-shooting techniques

TRAINING: Instructing others in the use or maintenance of machines,
instruments, or equipment or in fundamental concepts relating to these
machines, instruments, or equipment. .

.

TROUBLESHOOTING: Determining lirhy machines, circuits, equipment, or
structures are not performing like expected.

VERBAL REPORTS: Describing job activities, for instance, reporting on
a test could include test setup used, procedure followed, results ob-
tained, and problems encountered

WRITE PROPOSALS: Preparing written descriptions and cost estimates
of nays to satisfy needs expressed by customers.

WRITING CHANGE NOTICES: Writing instruction's which describe design

modifications to machines, structures, circuits, or equipment

WRITING STANDARD PRACTICES: Preparing written descriptions of meth

odsoprwestes, or procedures in order to establish standard practices`

14 4. I -).

NISTALLATION: Installing machines, equipment, or structures according
to layout and assembly drawings and installation instructions..

INSTINNMENTATIO Specifying the test equipment, fixtures, and pro-
cedures required for testing machines, structures, circuits, equipment,
components, parts, or materials

NAMMACTORING: Making, processing or assembling parts in the pro-
duction of. structures, machines, circuits, or equipment.

MAPPING: Making topographical maps from survey data or from aerial

a.

MUTING AND SALES: Consulting with potential customers, showing
the capability of your equipment, machines, or productu,in solving their
problems.
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Job Act4

Frigate" u INIfeneedie W tiativIty

Never

Less than
once per

month

About

once per r
month

About

once per
week

Daily

or

nearly so

Hours
per week

normally

devoted to
this activit,

Analysis

Building things Al

Calibration & Adjustment

Check Drawing

Communications A

Coordination

Company Training

Cost Estimating /ft.' al

Customer Service

Data Recording

Derivation ,
Design

Design Assistance

Drafting, Design.
,

Drafting, Detail

t
Drafting, Layout

Evaluation

Expediting

Expenmentation

Inspection. Maintenance I

Inspection, Quality Control

Installahon

Instrumentation

Manufactunng

maPPloi
i

Marketing & Sales

Material Testing

Methods, Production
t

,

Methods, Quality Control

ModAcations, Making

Modikatiorri, Recommending

Operating

Performance Testing -

Planning & Scheduling

Plant Layout

Process Control
. .

Programming

Purchasing

Quantity Estimating

Reliability

Repair ' , .

Supervising

Surveying, Instrument Man .

Surveying, Rod Man
1

Technical Publication
r.

Training ° i

Troubleshooting

Verbal Reports 4
-

Writing Ragworts

Writing Proboeals

Writing Change Notices

1iWitins Standard PracticesWriting Specifications
I

-235-



APPENDIX G
a

ESTIMATES OF ENROLLMENTS AND GRADUATES,

ENGINEERING ,TECHNOLOGY PROGRAMS

ACADEMIC YEAR 19.69-70

4

Associate Degree Baccalaureate
Programs f Programs

4

Enrollments

Estimated Estimated

Graduates

Estimated

Enrollments

Estimated

Graduates
ti

Alabama 243 63 280 58

Alaska
.

121 9 0 0

Arizona '2,078 344 743 186

Arkansas 201 55 8

California 10,336 2,582 1,276 344

Colorado 924 272 326 79

Connecticut 2,346 641 0 0

Delaware 133 28 0 0

D.C. 385 los 0 0

Florida \4,068 798 81 13

Georgia 979 276 493 55

Hawaii . 104 28 64 16

Idaho 213 59 0 0

Illinois 3,172 917 2,a92 470

Indiana 4,088 1,111 525 418

Iowa 1,453 414 0 0

. Kansas 579 137 818 170

Kentucky 251 36 236 27

Louisiana 295 81 950 321

Maine 354 '' .117 0 0

Maryland 975 230 366 156
Massachusetts 5,230 1,745 478 70

Michigan *35%i0 944 1,322 249

Minnesota 30 96 198 84

Mississippi 480 128 42 22

Missouri 1,595 391 322 82

Montana 126 34 160 40

Nebraska 1,380 677 80 30

Nevada 81 20 0 0

New Hampshire 624 178
-

0 0

New Jersey 839 206 h 5

New Mexico 450 ,171 114 28

New York 13,886 3,185 1,240 342

North Carolina 2,551 664 128 19

North Dakota 788 203 0 0

Ohio 5,964 1,464 1,183 436

Oklahoma 1,957 323 162 % 37

Oregon ...--- 3,098 515 588 136

Pennsylvania 4,980 1,421 543 162

Rhode Island 240 65 70 24

South Carolina 1,344 356 68 16

. South Dakota 258 37
,.__,.-

0 0

Tennessee 639 116 942 242

Texas . 2,804 678 1,270 190

Utah 956 234 897 242

Vermont 349 126 8 2

Virginia 1,550 356 252 63

ashington 2,332 420 189 44

est Virginia 614 153 165 42

Wisconsin , 3,552 958 1,333 201

Wyoming i_ 211 54 0 0

!.4,/ -237-
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